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COMPUTER PROGRAM FOR DETERMINING EFFECTS OF CHEMICAL 

KINETICS ON EXHAUST-NOZZLE PERFORMANCE 

by Leo C. Franciscus and Jeanne A. Healy 

Lewis Research Center 

SUMMARY 

A computer program is described that can be used to compute nozzle performance, 
including chemical kinetic losses in the nozzle for rockets and subsonic or supersonic 
combustion ramjets. The kinetic analysis is designed for any chemical system in which 
the change in molecular weight is due to the three-body recombination reactions only and 
one in which the energy exchange through the bimolecular reactions is small in compari- 
son with that of the other reactions. The analysis makes use of Bray's sudden freezing 
criterion to determine a freezing point in the nozzle. The engine performance is then 
determined by assuming that the composition of the exhaust gas remains unchanged or 
frozen from the freezing point to the nozzle exit. The program can also be used for equi- 
librium and frozen or specified freezing point calculations. for any rocket propellant sys- 
tem or ramjet fuel. 

INTRODUCTION 

The performance of hypersonic ramjets and rockets can be strongly dependent on the 
chemical kinetic processes of the exhaust gases. These engines usually have combustion 
temperatures high enough to  cause a high de'gree of dissociation of the products of com- 
bustion. If the .recombination process is fast enough to keep up with the expansion 
through the exhaust nozzle, the energy of dissociation is converted to useful thrust. If 
the recombination process is not fast enough, some of the dissociation energy is lost with 
a consequent penalty in thrust and specific impulse. 

For example, figure 1 shows that, if the exhaust gases of a hydrogen fluorine rocket 
engine are assumed completely frozen, the loss can range from 13 percent of the equilib- 
rium specific impulse at an oxidant-fuel ratio of 7 to  2 1  percent at an oxidant-fuel ratio 
of 19. Consequently, it is important to  be able to  estimate the extent of these losses. A 
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number of computer programs have been developed for exact solutions of nozzle chemical 
kinetics with multiple chemical reactions (refs. 1 to  6). However, these programs re- 
quire extensive machine time and can become somewhat cumbersome when many solutions 
are required. A short, simple method requiring only a fraction of the computing time in- 
curred by the exact methods would be valuable when many solutions are required, such as 
in parametric studies or preliminary design work. This report describes a computer 
program for the IBM 7094 computer for an approximate solution of nozzle chemical ki- 
netics that can be used for a variety of propellant combinations. In this program, non- 
equilibrium effects on nozzle performance are determined by making use of Bray's cri- 
terion (ref. 7). With this approach, the gases at the nozzle entrance are assumed to be 
in chemical equilibrium; that is, the composition is that corresponding to a complete or 
steady-state adjustment to local temperature and pressures at each point in the exhaust 
nozzle. At some later point in the nozzle (as located by using Bray's criterion), the flow 
is assumed to "freeze"; that is, the composition no longer varies throughout the remain- 
der of the nozzle expansion. A complete description of this analysis applied to the 
hydrogen-air system, comparisons with experimental data, and results from exact solu- 
tions are given in references 8 and 9. Comparisons of results using a Bray analysis with 
exact solutions for the systems hydrogen-oxygen and nitrogen tetroxide with a mixture of 
50 percent hydrazine and 50 percent UDMH (unsymmetrical dimethyl hydrazine) a re  pre- 
sented in reference 10. In all cases the Bray approach was found to yield reasonably ac- 
curate results. Some additional data to confirm the validity of the Bray approach are 
presented in this report. 

the authors. The program is for use on the IBM 7094 model 2 computer. With modifica- 
tions this program can be used on all machines that have a FORTRAN compiler. 

The FORTRAN IV program is available to computing centers if a request is made to 

SYMBOLS 

A 2 cross-sectional area, m 

constants in equations defining nozzle contour 

recombination rate constants, (%)(cm )/(mole ) (sec) 

overall combustion-chamber drag coefficient 

thrust coefficient 

nozzle-velocity coefficient 

specific heat at constant pressure, cal/(g) PK) 

characteristic velocity, m/sec 

6 2 

2 

.,.. . ,.. I 



D 

Fnet 
f/a 

g 

H 

I 

K 

kr 

k-r 
M 

m 

N 

n 

P 

Q 
q 

R 
w 
'i 
T 

t 

V 

dissociation rate, mole/(cc) (sec) 

net stream thrust, N 

fuel-air ratio 

gravitational constant, m/sec 

static enthalpy, cal/g 

specific impulse, sec 

net fuel specific impulse, sec 

vacuum specific impulse, sec 

exponents in equations defining nozzle contour 

mechanical equivalent of heat, 4186 joules/(kg) (cal) 

constant in eq. (A5) 
6 2 forward reaction rate for reaction r, cm /(mole )(sec) 
3 reverse reaction rate for reaction r, cm /(mole)(sec) 

Mach number 

average gram molecular weight, g/mole 

mass flow rate, kg/sec 

number of moles per unit mass  of mixture, mole/g 

number of species in rth reaction equation 

number of moles 
2 static pressure, atm (N/m ) 

net rate of molar change, mole/(cc)(sec) 
2 2 dynamic pressure, pV /2, kg/cm 

recombination rate, mole/(cc) (sec) 

universal gas constant, 1.98726 cal/(mole) (OK),  (joules/(mole) (OK)) 

reaction i 

static temperature, OK 

time, sec 

velocity, m/sec 

stoichiometric coefficient, left side of reaction equation 

2 

3 



I f q  
W 

X 

X 

Y 

a! 

Y 

P 

40 

stoichiometric coefficient, right side of reaction equation 

weight flow rate, kg/sec 

mole fraction 

length or longitudinal coordinate, m 

normal coordinate, m 

fuel injection angle, deg 

ratio of specific heats 

mass density, g/cc 

equivalence ratio, (f/a)hf/a) stoichiometric 

Subscripts : 

a 

C 

e 

f 

i 

j 

j* 

j" 

K, L 
k 

M 

m 

n 

P 

S 

t 

0 

1 

2 

4 

air 

combustion chamber 

nozzle exit 

fuel 

species 

species in rth reaction equation 

species on left side of rth reaction equation 

species on right side of rth reaction equation 

radicals in rth recombination equation 

molar species 

molecular species in rth recombination equation 

number of molecular species 

nozzle 

static pressure 

static entropy 

static temperature 

free stream 

ramjet inlet entrance 

combustion-chamber entrance 



3 combustion-chamber exit 

Superscript : 

* nozzle minimum cross-sectional area 

METHOD OF ANALYSIS 

Bray's criterion is applied in this analysis by determining in the nozzle a sudden 
freezing point that is characterized by the net rate of change in the number of moles be- 
coming approximately equal to the recombination rate. The present application of the 
Bray criterion to any chemical system with multiple chemical reactions requires that the 
bimolecular reaction rates be much faster than the recombination reaction rates and that 
the energy exchange of the bimolecular reactions be small in comparison with that of the 
recombination reactions; that is, the overall reaction rate is assumed to be limited by 
the three-body recombination reactions through which the major part of the dissociation 
energy is recovered. After the freezing point is determined, any energy change result- 
ing from the bimolecular reactions is neglected. There also must be a detectable molec- 
ular weight variation with temperature and pressure, and this variation must result from 
the recombination reactions only. For example, consider the hydrogen-air system, the 
reactions of which are presented in table I. The bimolecular reactions for this system 
((1) to (6)) are much faster than the recombination reactions ((7) to (12)). A partial equi- 
librium concept (ref. 11) can be adopted in which the bimolecular reaction rates are as- 
sumed equal to  their equilibrium values. The bimolecular reactions then form a suffi- 
cient quantity of radicals for the recombination reactions. The bimolecular reactions 
produce no change in the number of moles and result in only small energy changes. In 
general, then, the change in the total number of moles for a system of this type may be 
determined by considering the recombination reactions only. The change in the number 
of moles n is the sum of the change in the number of moles of species k in the recom- 
bination reactions. That is, 

dt /1 dt 
k= 1 

5 
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"7 
K-7 

7. H + H + M Z Z H ~ + M  

TABLE I. - HYDROGEN-AIR SYSTEM REACTIONS 

! K13 
, i s .  N ~ + O ~ N O + N  1 

K- 13 I 

Hydrogen- oxygen bimolecular 

-~ 
I 

K1 

K- 1 
1. H2 + O H = H 2 0 + H  i 

5 2  

K-2 

K3 

2. H + 0 2 f r O H + 0  

3. O + H ~ = O H + H  
K- 3 

KA 
4. O H + O H 2 = H 2  + 0 2  

K- 4 

5. O H + O H ~ H ~ O + O  
K- 5 

6. 0 + H 2 0  H2 + O2 
K-6 

Nitric oxide shuffle 
reactions 

Recombination reactions 

_ _  - 

Kg K14 
8. O + O + M = O 2 + M  114. 0 2 + N = N O + 0  i 

K-8 I ,  K- 14 I 

I 8  

K9 I 
9. O + H + M ~ O H + M  

K- 9 

K10 I io. OH + H + M ~~0 + Mi 
K10 j !  

1 '  
1 .  

K11 
11. N + N + M S N 2 + M  

K-11 

K12 I 
12. O + N + M ~ " O + M  I 

K- 12 

Converting to moles per unit mass of mixture results in 

dt dt /1 dt 
k= 1 

The rate of formation of species i, in the moles per unit mass,  is given by 

r= 1 L 

Substituting the recombination reaction equations into equations (2) and (3) results in the 

6 



general net rate equation 

C8 = 4. 8X1Ol8 
18 

cl0 = 7 . 5 ~ 1 0 ~ ~  
cg = 4.8x10 

3 r=m 2 r=m 

r=l r= 1 
- dl:tA($ "rXKXL-(5)  k-rXM 
"d 

17 
8 and 9 
8 and 9 

(4) 

Equation (4) is in the form Q = R - D, where Q is the net rate of molar change and R 
and D are the recombination and dissociation rates, respectively. 

equilibrium, R and D are approximately equal and they are much greater than Q. Sim- 
ilarly, a near frozen condition exists when R is much smaller than Q. According to 
the Bray criterion, the transition from the near equilibrium to the near frozen condition 
is very rapid, and the location of the transition may be signified where R and D be- 
come of the same order of magnitude as Q. In the present method, R is evaluated from 
known reaction rates by using mole fractions and assuming the gases to be in chemical 
equilibrium. The value of Q is determined from equilibrium values of density, molec- 
ular weight, and the change in molecular weight with respect to time. The freezing point 
is assumed to be located where Q = R. Therefore, at the freezing point 

When the reactions proceed at rates fast enough to keep the overall reaction close to 

The reaction rates kr of equation (5) a r e  converted to rate constants by assuming a tem- 
perature dependence of T-'; that is, Cr = krT. The recombination rate constants for 
the hydrogen-air reactions are presented in table II. 

TABLE II. - HYDROGEN-AIR -ACTIONS 

RE COMBINATION- RATE CONSTANTS 

Constant, Reference 

~~ I (OK)(cm6)/(mo1e 2 )(set) 
.__ 

I I I 

7 



When p/M is converted to P/RT, the right side of equation (5) becomes 

The left side of equation (5) is put in the form 

and converted to  parameters determined by the program. Therefore, 

& =  'nV 

RT(:) 

(7) 

The freezing point is then determined by the simultaneous solution of equations (6) and (7). 
Equations (6) and (7) are solved first at the minimum area of the nozzle, which is the 

sonic point for rockets and subsonic combustion ramjets or the nozzle entrance for super- 
sonic combustion ramjets (scramjets). However, because equation (7) is discontinuous 
at the sonic point, this solution is actually made slightly upstream of the sonic point. If 
the net rate Q is greater than the recombination rate R, the freezing point is located 
in the subsonic nozzle for rockets and ramjets, and the nozzle is completely frozen for 
scramjets. I€ Q is less than R, the freezing point is downstream of the minimum area. 
After the region in which freezing occurs is determined, the exact location is found by 
the following iteration. The freezing point is searched for in terms of the static- 
pressure ratio Pc/Pn at  that point in the nozzle. To start the iteration, two trial 
values are assumed. The corresponding values of Q/R are calculated from equa- 
tions (6) and (7). An estimate of the correct Pc/Pn is then found by 

d ln(z) 

d ln(:) 

8 



and the value of (Q/R)i+l is determined from equations (6) and (7). The procedure is re- 
peated until I(Q/R)i+l - 1.01 5 tolerance. When this occurs, the freezing point has been 
determined and the rest of the nozzle calculations are computed for frozen gas composi- 
tion. A graphical solution for a typical freezing point calculation is presented in figure 2. 

COMPUTER PROGRAM 

General Description 

The chemical equilibrium and rocket performance program of reference 12 was 
used to  write the computer program of this report. The subroutine titles and nomencla- 
ture  of the parts of that program that are used were retained. The present program is 
designed for use on the IBM 7094 model 2 computer with a 32K core. The compiler is a 
version 5 FORTRAN IV compiler of the IBSYS version XIII operating system. With mod- 
ifications the program can be used on all machines that have a FORTRAN compiler. The 
entire program is written in FORTRAN IV except subroutine "SHIFTr7 and "BCREAD, 
which are written in basic machine language (MAP). The FORTRAN IV listing of the pro- 
gram is shown in appendix C. 

combustion ramjets. For both engines, the combustion process is calculated first. For 
rocket engines, the combustion is assumed to take place at constant pressure. The 
combustion-chamber pressure, the oxidant-fuel ratio, and either the combustion temper- 
ature or the enthalpies of the reactants entering the combustion chamber must be speci- 
fied. For ramjet engines, the combustion process may be calculated for either a 
combustor-exit to inlet-static-pressure ratio or an area ratio. The properties of the air 
and fuel entering the combustor must be specified. The properties of the entering air 
that must be specified are the following: 

The program computes nozzle performance for rockets and subsonic or supersonic 

(1) Static pressure 
(2) Static temperature 
(3) Static enthalpy 
(4) Velocity 
(5) Molecular weight 
(6) Ratio of specific heats 

9 



The fuel is assumed to be a gas when it enters the combustor. The fuel properties are 
the following : 

(1) Static temperature 
(2) Molecular weight 
(3) Velocity 
(4) Static enthalpy 
(5) Fuel-air ratio 
(6) Fuel injection angle 

The ramjet combustor-exit conditions are then calculated using the iteration solutions 
described in appendix A. 

by the method described in reference 12. For both engines, the nozzle performance is 
calculated for a specified ratio of combustor-exit to nozzle static pressure and includes 
the following performance parameters for ideal one-dimensional flow: 

The thermodynamic properties of the gas in the combustor and nozzle are determined 

Exit velocity : 

ve = d2gJ(hc - he) + (Vc = 0 for rockets) 

Mach number : 

Me = 'e 
, 

For rocket engines: 

Vacuum specific impulse: 

Character istic velocity : 

10 

c* = gg'p, - 
(P:Jt 



Vacuum thrust coefficient: 

For ramjets: 

Fuel specific impulse: 

f 1 + -  
Fnet - a 

%et =--- 'f "f - 

Thrust coefficient: 

" \  

1 - -  
'e 

f 

'+eve 

"net *O f 
CF=- g-- 

vo A1 a 

Te 
vO - -  

f - g  

For the calculation of the preceding ramjet parameters, the following must also be 

(1) Free-stream velocity 
(2) Free-stream static pressure 
(3) Ratio of engine inlet to capture area 
(4) Ratio of engine free-stream dynamic pressure to vehicle dynamic pressure 

Both rocket and ramjet nozzle calculations may be carried out using the following 

(1) Equilibrium 
(2) Frozen 
(3) Specified freezing point 
(4) Approximate kinetic 

specified: 

(1 .0  if engine is not in a vehicle pressure field) 

types of analysis for the nozzle expansion: 

The equilibrium, frozen, and specified freezing point type of nozzle calculations may be 
made for any rocket propellant combination or ramjet fuel. The kinetic calculations may 
be made for any rocket propellant combination or ramjet fuel that is subject to the con- 
ditions discussed in METHOD OF ANALYSIS. 

11 



Description of Input 

Format 
- 
112A6 

The input is programmed for a fixed .format, as shown in table ID, which gives the 
program input. Table IV shows the arrangement of the input for the various calculation 
options. 

Param et ers 
____I_- 

Identification 

Card 

1 
2 

- 

3 
4 

a5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

b17 
18 

2 (A 1) 

TABLE m. - F'ROGRAM INPUT 
____.. __ 

I 

1 Fuel or oxidant, F or 0; liquid, gas, or solid, L, G, or S 
F8. 5 
4(A2, F8. 5) 

1113 

5F10.2 
4F10.2 
I3 
513 
5F10.4 
5F10.4 
213 
15, 5X, 2--6 
E10. 5,315 
7F10.4 
3F10.4 
jF10.4 
iF10.4 

Relative weight 
Reactant formula, maximum of 5 ,per card 
BLANK CARD 
KOK, JADDI, MNFR, IDEBUG, IPROB, ICONST, m M ,  

PCP schedule, maximum of 24 
SUB1, SUB2, SUB3, YT 
NZTYP 
ITYP 
CON, maximum of 20 
EEXP, maximum of 20 
NMOL, NAK 
NUMBER, MOLECULE 
AK, NUMBER 
COSTH, CD, CDA, TFS, WMF, VT, DELH 
p2, T2, AMOL2, V2, GAM2 
PFIELD, VO, AOAC, QIQO, P3P2 
EQRAT, OF, FPCT, PC, TC, CV 
BLANK CARD 

IZElAR, IROU, ICON, IFREZ 

~ 

"If KOK = 1, set the first two PCP's equal to  1.0. 
bCard 17 may be repeated for multiple cases  of O F  ratios. Card 18 indicates 

another problem follows. 

12 



TABLE IV. - ARRANGEMENT OF INPUT FOR FORTRAN IV PROGRAM 

' TITLE PROJECT NUMBER ANALYST 

SHEET-OF- 

I 
I 

IDENTIFICATION FORTRAN STATEMENT 

- - l ' ' ~ , ' * '  , , ,Title (12A6). ~ , , , , , ~ , : ,, ~ , , , , , , , , , , , , , , , , , , , , , , , , , , , 

I 

- - : : : : :  ' : : : : -  u, 
- : I : : : : :  

---.- : : i : : . ', i ', ', -- i i i i i :  I 

,Temp : : :Dennit 

L - - 
- :  -..-.... . : - : .  , . . . . . '  

Blankcard, , , , 

I 2 3 4 5 6 1 9 9 10 II 12 I3 14 15 16 17 I8 19 20 21 22 23 2 4  25 26 21 28 29 3 31 32 33 34 35 36 31 38 39 40 41 42 43 4445 46 47 4849  50 51 52 53 54 55 56 57 58 59 60 61 62 6364  65 66 67 68 69 10 71 12 73 74 15 76 71 78 79 80 

Id NASA-C-836 IREV. 9-14-59) CD-8128 
CIO 



TITLE PROJECT NUMBER 

I -STATEMENT FORTRAN STATEMENT I IDENTlFlCATlON 
NUMBER 

ANALYST 

SHEET-OF- 



PROJECT NUMBER 

-- 
ANALYST 

SHEET-OF- 

STATEMENT 
' NUMBER 8 FORTRAN STATEMENT IDENTIFICATION 

--ct3--c 

1 2 3 4 5 

: : I : :  : : : : :  : : : : :  : ; -  : : : : : : :  

I ,  , , ,  , , . . . / . , , , ,  , ~ . , l l . I I , , / , , ,  , , , , , ,  I , , , ,  , , , , 1 1 , 1 , , 1  I . , , . . ,  

6 7 8 9 IO II 12 I3 14 15 16 I7 I8 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 



TABLE IV. - Concluded. ARRANGEMENT OF INPUT FOR FORTRAN IV PROGRAM 

STATEMENT NUMBER 

I 2 3 4 5 

e FORTRAN STATEMENT IDENTIFICATION 

6 1 8 9 IO II 12 13 14 15 16 17 18 19 20 21 22 23 24 25  26 27 28 29 3 31 32 33 34 35 36 37 38 39 LO 41 42 43 4 4  L5 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 6364 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 

I ' ' " ' : " " ' I " ' " I ~ " ' ' 1 ~ ' " ' : ' ' ' " 1 ' " ~ ~ 1 ' ~ ' ~ ~  I " ' ~ ' " " "  " . " "  
Card 14, If I R A M  = 1, , , , , , , , , , I , , , , , , , , , , , , , , 

, , CCSlH, , , , , , , C.0 , , , , , , , C,Db , , , , , , , , WMF, , a, , , , , yT , , , .  . , . p  EM , , , , .  

- - : : : : :  : : : : :  + : : : :  : : ' : I  : : : : : : : : : : : , : : : : :  : : : : :  : : : : :  , : : : :  : : :  - : : : : : : :  

---CC-C-Ce--- I : : : : : : - - - - ! : : : : ' : : ' : :  : : : : :  : : : : :  : : : I :  
Card 18 - - Blank card 



The definitions of the input parameters are as follows: 

Common to rockets and ramjets: 

cv nozzle-velocity coefficient 

'EQRAT equivalence ratio 

~ F P C T  percent fuel 

DEBUG allows intermediate output for debugging (IDEBUGl, intermediate 
output; DEBUGO, no intermediate output) 

IFREZ sequential number of the freezing pressure ratio if specified freezing 
point is to be calculated (IFREZ=O if specified freezing point cal- 
culation is not t o  be made) 

IPROB type of combustion calculation (IPROB= 1, specified enthalpy and 
pressure; IPROB=2, specified temperature and pressure) 

IRAM 

JADDI 

type of engine (IRAM=O, rocket; IRAM=l, ramjet) 

number of input pressure ratios 

KOK 

MNFR 

indicates subsonic or super sonic combustion (KOK=O, rocket or sub- 
sonic combustion ramjet; KOK=l, supersonic combustion ramjet) 

indicates type of nozzle expansion (MNFR=O, equilibrium; MNFR=l, 
frozen; MNFR=-2, approximate kinetic; MNFR=- 1, specified 
freezing point) 

'OF ratio of oxidant to fuel weight 

PC 

PCP 

TC 

combustion-chamber pressure, atm (set equal to combustor en- 
trance static pressure for ramjet calculations) 

ratio of chamber pressure to nozzle static pressure for rockets (for 
ramjet calculations, ratio of combustor-exit static pressure to 
nozzle static pressure) 

combustion temperature, OK (not necessary for an assigned enthalpy 
calculation; for ramjet calculations, set equal to combustor- 
entrance static temperature) 

Applicable to ramjets only : 

AMOL2 

AOAC capture area ratio 

molecular weight of air entering ramjet combustor 

'One of the parameters EQRAT, FPCT, and OF is input. The other two are set 
equal to zero. 

17 
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CD combustor drag coefficient to account for friction or momentum 
losses due to hardware obstructions, etc; CD = 

CDA 

COSTH 

additive drag coefficient; CDA = (1 - A. /A1)(P1 /Po - l)Po /qo 

cosine of fuel injection angle (COSTH=l. 0, downstream injection; 
COSTH=O. 0, normal injection) 

DELH 

GAM2 ratio of specific heats a! of air entering combustor 

static enthalpy of fuel, cal/g 

ICONST type of combustion calculation (ICONST=O, specified pressure ratio; 
ICONST=l, specified area ratio) 

PFIELD 

P2 

P3P2 

external pressure of ramjet nozzle, atm 

static pressure of air entering combustor, atm 

combustor area ratio or pressure ratio 

ratio of dynamic pressure of air entering ramjet inlet to free-stream 
dynamic pressure 

T FS 

T2 

VT 

vo 

fuel static temperature, OK 

static temperature of air entering combustor, OK 

velocity of fuel entering combustor, m/sec 

velocity of air entering ramjet inlet, m/sec 

v2 

W M F  

velocity of air entering ramjet combustor, m/sec 

fuel molecular weight, g/mole 

Applicable to  kinetic calculations : 

AK reaction rate constant 

CON constant for nozzle-contour equation 

EEXP 

ICON number of constants and exponents defining dx/dy of nozzle 

exponent in nozzle- contour equation 

(ICON=O if a kinetic calculation is not to be made) 

IROU indicates axisymmetric or two-dimensional nozzle (IROU=l, axisym- 
metric; IROU=O, two-dimensional) 

ITY P type of equation defining nozzle contour (ITYP=l, polynomial; 
ITYP=2, circle; equations defining each section of nozzle contour 
must be indicated as ITYP 1 or 2) 

18 



MOLECULE 

NAK 

NMOL 

NUMBER 

NZTYP 

SUB1, SUB2, SUB3 

YT 

name of each species 

number of reaction rate constants 

number of species considered for kinetic calculation 

identification number for each species 

NZTYEO indicates conical or bell nozzle contour 

nozzle-area ratios separating five sections where each equation de- 
fining dx/dy of contour is applicable 

nozzle-throat radius or half-height for rockets and subsonic com- 
bustion ramjets, or nozzle-entrance radius or half-height for 
supersonic combustion ramjets, cm 

A set of thermodynamic and atom tables described in reference 12 is placed immediately 
after the program as permanent input. The input cards in table III a re  then placed after 
these. Cards 1 to 5 are always used. There may be any number of reactant cards 
(card 2) but no more than 15 elements. For ramjets, one of these reactant cards must 
be for air. Each reactant card contains the chemical formula, enthalpy, temperature, 
and relative weight. In addition, the letter F or 0 in column 31 indicates whether the re- 
actant is a fuel or an oxidant. The letter L, G, or S in column 32 indicates a liquid, a 
gas, or a solid. The relative weight is the percent of the total fuel or oxidant for the re- 
actant that appears on that particular card. The sum of the relative weights of a fuel or 
an oxidant must be 100. For equilibrium, frozen, or specified freezing point nozzle ex- 
pansion, cards 17 and 18 are used for rockets and cards 14 to 18 a r e  used for ramjets. 
For kinetic calculations, cards 6 to 13 are  placed after card 5. Appendix B explains both 
the contour equation limits, SUB1, SUB2, and SUB3 (card 6), and the nozzle-contour 
equation constants and exponents, CON and EEXP (cards 9 and 10). Table V gives four 
sample input arrangements for hydrogen fluorine rocket- engine performance calculations 
for equilibrium, frozen, specified freezing point, and kinetic nozzle expansions. The 
combustion calculations are for an assigned enthalpy and pressure. Table VI gives Sam- 
ple input arrangements for a hydrogen-fueled, subsonic- combustion ramjet and a 
supersonic- combustion ramjet. 

Table VII presents sample output for the rocket engine used for the sample input. 
The format for the equilibrium and frozen nozzle expansions is identical to that described 
in reference 12. The specified freezing point and kinetic nozzle expansion have the equi- 
librium points up to the freezing point printed out on the f i r s t  page. The second page 
then contains the frozen expansion for the points from the freezing point to the last pres- 
sure  ratio in the schedule. For rockets and subsonic-combustion ramjets, the throat 
parameters are printed out on the first page if the freezing point is downstream of the 
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TABLE V. - SAMPLE INPUT ARRANGEMENTS FOR HYDROGEN FLUORINE 

ROCKET-ENGINE PERFORMANCE CALCULATIONS 

HYDROGEN FLUORINE ROCKET PC=60  P S I A  E Q U I L I B R I U M  NOZZLE EXPANSION 
-1893 .67  F L 1 0 0 . 0 0  H 2.0 
-3030 .89  OL100.00 F 2.0 

0 1 0  0 0 1 0  0 0 0 0 0 
1.0 1.75 5.00 10.00 15.00 
40.00 100.00 200 .00  400.00 6 0 0 . 0 0  

13.0 4.083 1.0 

HYDROGEN FLUORINE ROCKET PC=60  P S I A  FROZEN NOZZLE EXPANSION 
- 1 8 9 3  - 6 7  F L 1 0 0 . 0 0  H 2.0 
-3030 .89  OL100.00 F 2.0 

0 1 0  1 0  L O  0 0 0 0 0 
1.0 1.75 5 .OO 10.00 15.00 
40.00 100*00 200.00 400.00 6 0 0 . 0 0  

1 3  - 0  4.083 1.0 

HYDROGEN FLIJOKINE ROCKET PC=60  P S I A  S P E C I F I E D  FREEZING POINT 
-1893 .67  
- 3 0 3 0  8 9  

FL100 .00  
O L l  00.00 

0 1 0 - 1  0 1 0  0 0 0 0 3 
1.0 1.75 5.00 10.00 
40.00 1 0 0 . 0 0  200 .00  400.00 

13.0 4 .083  

HYDROGEN-FLOUKINE ROCKET PC=60  P S I A  
-1893.67  F L 1 0 0 . 0  
- 3 0 3 0 . 8 9  OL100.0  

0 1 0 - 2  0 1 0  0 0 1 2 0  0 
1.0 1.75 80.0 100.0 
1000.0 1500 .0  2000.0 2 5 0 0 . 0  
1.54 1.145 50.0 10 .20  

1 2 2 1 1  
-1.73 
6 1  -0 -1 .o -517 .50  
-1.0 3.73 

3.73 
1.0 

1 .o 
1 .o 

2 2  
1 H 1  ( G I  
2 F 1  ( G )  

7.5E 1 8  1 1 
7.5E 1 8  1 2 

13.0 4.083 

H 2.0 
F 2.0 

15 .00  
6 0 0 . 0 0  

1.0 

K I N E T I C  NOZZLE EXPANSION 
H 2.0 
F 2.0 

800.0 
3000.0 

- 5 1 7 . 5 0  
61.0 

1 .o 
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TABLE VI. - SAMPLE INPUT ARRANGEMENTS FOR RAMJETS 

SUBSONIC COMBUSTION RAMJET F L I G H T  MACH NUMBER 8 
4 9 4 2 . 9 0  FG1OO.OO H 2.0 
1 2 2 7 7 . 0 0  OG1OO.OO N 1 .5618  0 - 4 1 9  

0 1 0  0 0 1 1 1 0  0 0 0 
1.0 1.75 5.00 1 0 . 0 0  15 .00  

40.00 100.0  2 0 0  .o 400.0 6 0 0 . 0 0  
1.0 - 0 0 3  0.00 
43.34 2 5 8 2 . 0 4  2 8 . 9 4  1 9 2 . 9 3 8 4  1.2485 
- 0 1 6 4  2 4 0 0 . 7 9 9 8  1.0 1.0 1.0 
1.0 43.34 .Y8 

1000 .00  2.016 1 7 9 8. .3 2  

SUPERSONIC COMBUSTION RAMJET F L I G H T  MACH NUMBER 8 
4942 .90  FG1OO.OO H 2.0 
2 8 4 0 . 0 0  OG100.00 N 1 .5618  0 .41Y 

1 6 0 0 1 1 1 0 0 0 0  
1.0 1.0 5.0 10.0 15.0 
18.0 
1.0 - 0 0 3  0.00 1 0 0 0 . 0 0  2.016 
- 5 3 0 4  682 .55  28 .962  2 2 0 1 . 9 9 7 1  1 .3665  
. 0 1 6 4  2 4 0 0 . 7 9 9 8  1.0 1.0 1.35 
1.0 - 5 3 0 4  .98 

1 7 9 8 . 3 2  

AK.0096 

2 4 7 1 . 4 5  

AK.0096 

2 4 7 1 . 4 5  
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TABLE M. - ROCKET ENGINE PERFORMANCE EQUILIBRIUM NOZZLE EXPANSION 

C H t M l C A L  FORMULA 
FUEL H 2 
O X I O A N T  F 2 

UT F R A C T I O N  ENTHALPY S T l W  TEMP 3 c N S I T Y  
( S E E  NOTE1 C A L l n O L  )E; K 

1.00000 -1893.670 L -0. -0. 
1.00000 -3030.890 L -0. -0. 

O / F =  13.00000,  PERCENT FUEL= 7.1429. EQJIVALENCE R A T I O =  1.4499, ) E Y S I T Y =  0. 

PAHAMtTtKS 

C n m t t E R  THRUAT t x i ~  t x i r  EXIT E X I T  EXIT EXIT EXIT S X I T  
PC/P  1,000 1.743 5.000 10.000 15.000 40.000 100.000 200.000 400.000 600.390 
P. A T M  4.083 2.342 0.8166 0.4083 0.2722 0.1021 0.0408 0.0204 0.0102 0.0068 
T .  U t G  6 4043  3826 3438  3196  3059 2739 2443 2 2 0 4  1938  1 7 7 1  
HI C A L l t i  -141.2 -440.8 -951.6 -1250.2 -1412.2 -1768.8 -2059.8 -2254.2 -2426 .1  -2515.7 
$. C d L l t b I I K I  3.7Y2u 3.7920 3.7920 3.7920 3.7923 3.7920 3.7920 3.7920 3.7920 3.7920 

n n u L  U I  14.359 1 4 - 6 3 5  15.139 15.458 15.639 16.051 16.379 16.563 16.667 16.592 
1 L L m n P  1 1  U.05858 0.05047 0.03755 0 -03063  0.02684 0.01764 0.00927 0.00413 0.00110 0.30036 
I ULM/OLTlP  -0.9464 -0.8416 -0.0600 -0.5598 -0.5043 -0.3607 -0.2097 -0.1028 -0.0309 -0.0111 .~ 
LP.  L A L I I ( . I I K I  2.7271 2.5083 2.101U 1.8743 1.7523 1 - 4 3 8 7  1.0847 0.8047 0.5884 0.5171 
(.Awl 1.1543 1.1530 1.1555 1.1577 1.1591 1.1651 1.1826 1.2154 1.2727 1.3372 
MACH N U n d t K  0. L - U U O  1.763 2 - 1 5 9  2.375 2.870 3.309 3.626 3.942 4.150 

C S I A R ,  M l a t C  
C F  
AC/AT 
IVAC.  $ t C  
I ,  StC 

2393 2393 2393 2393 2393 2393  2393 2393 2393 
1.235 1.391 1.509 1.571 1.703 1.804 1.867 1.920 1.946 
1.000 1.515 2.358 3.126 6.427 12.94 21.99 36.95 4 9 . 6 3  
301.5 339.5 368.2 383.4 415.5 440.2 455.6 468.4 474.7 
161.5 265.6 310.6 332.6 376.3 408.6 428.8 445.9 454.5 

U E R l V A l  I VES 

I S L I / I X P L I P C / P  0.01662 0.01511 0.01417 0.01363 0 - 0 1 2 2 7  0.01087 0.00960 0.00812 3.00721 
I ULT/LN.PLIPC/P U.U't803 6.04453 0.03784 0.03315 0.03011 0.02090 0.00772 -0.00756 -0.02631 -0.03484 
I ULAK/DLYClPC/P  -0. -0.00476 -0.00801 -0.01008 -0.01639 -0.02571 -0.03698 -0.05125 -0.05771 
I U L C S / u L P L l Y C / P  0.01491 0.014YI  0.01491 3.01491 0.01491 0.01491 0.01491 0.01491 0.01491 

I U L I / U H C I P L / P *  0.08944 0.09232 0.09446 0.09574 0.09906 0.10312 0.10761 0.11395 0.11831 
l U L I / O H C I P C / P *  0.09070 0.09861 0.11773 0.13196 0.14116 0.17192 0.22803 0.30739 0.42035 0.47834 
I I )LAR/DHLlPC/P* 0. 0.01094 0.01922 0.02444 0.04270 0.08056 0.13922 0.22722 0.27318 
1 ULCS/UHClPCIP*  0.09216 0.09216 0.09216 G.09216 0.09216 0.09216 0.09216 0.09216 0.09216 
84 hC I h  K C A L / G I  

I U L l / L k P C P I S  0.86684 0.27844 0.18524 0.15293 0.10418 0.07725 0.06258 0.05056 0.04441 
l U L T / L L P C P I S  -0.OY878 -u.UYY70 -U.10371 -0.10599 -0.13903 -0.11709 -0.13531 -0.16444 -0.20883 -0.23280 
( ULAK/ULPCP 1 S 0. 0.58693 0.67849 0.73981 0.75411 0.76832 0.76018 0.73518 0.72055 

M U L t  FRACTIUNS 

P I l ( . l  
HIIL.1 
t i L ( G l  
H I F A I ( . I  

0.05430 0.03921 0.61781 0.00922 0.00595 0.00172 0.00038 0.00008 0.00001 0.00000 
O.LL64U U.2U853 U.16957 0.13995 3,12153 0 .07641  0.03849 0.01676 0.00440 0.33145 
U.07183 0.07625 0.09057 0.111459 0.11416 0.13913 0.16103 0.17377 0.18105 0.18280 
0.64748 0.bTbOL 0.72206 0.74623 0.75836 0.78274 0.80011 0.80940 0.81454 0.81575 

a D D I T l U N A L  PRDOUCTS YHlCH YERE CONSIOEREO BUT YHDSE MOLE FRACTIONS UERE LESS THAN 0.000005 FO3 4 L L  P S S I S N L O  C O Y D I l I 3 Y S  

l-2t GI 

I N P U T .  ti-ATUMSIG 

H F 
FUEL Cs9920635E 6 0  0. 
UAIDANT 0. 0.5263158E-01 
PKOPtLLANT 0-7G86168E-Ul  0.4887218E-01 

C A S t  NU. 0 60.0 13.000 

N U l t .  U E I G H I  F R A C T I O N  OF FUEL I N  TOTAL FUELS AND OF OXIDANT IN TOTAL OLIOANTS 

22 



TABLE M. - Continued. ROCKET ENGINE PERFORMANCE FROZEN NOZZLE EXPANSION 

FUEL H 2 
UAIOANT F 2 

PARAMETERS 

CHAMBEK 
P C l P  1.000 
P. A I M  4.683 
T .  UEG K 4043 
H, CALlG - 141 - 2  
5 .  L A L / i ( . l I K l  3.7929 

PI. HUL * r  14.359 
CPI L P L / i L . l l K l  U.5530 
(;AM A I .jJ38 
HACH NUMEltK 0. 

LSTAR. M l r E C  
CF 
A t l A T  
IWACI S t L  
I ,  S € L  

MOLE FRACIIUNS 

U T  FRACTION ENTHALPY STATE TEqP JENSITV 
CHtMlCAL FORMULA ( S E E  N O l E l  CALlMOL )E; K ;/I, 

1.00000 -1893.670 L -0. -0. 
1.00000 -3030.890 L -0. -0. 

UIF= 13.00000. PERCENT F U ~ L =  7.1429. EQUIVALENCE RATIO= 1.4499, ) E v s i r v =  3. 

THROAT 
l . t l 5 8  
2.197 

3 4 5 8  
-402.1 
3.7920 

14.359 
I). 5437  
1.3415 
1.oou 

2 2 7 0  
1.260 
1.000 
291.7 
167. I 

F l I G 1  0.U5430 

t x I r  EXIT 
5.000 10.000 

0.8166 0.4083 
2677  2 2 2 6  

-880.4 -1114.9 
3 - 7 9 2 0  3.7920 

2 2 7 0  2270  
1.370 1.456 
1.373 1.989 
317.2 337.1 
253.6 291.1 

E x I r  
15.000 
0.2722 

1993  
-1233.2 

3.1923 

14.359 
0 -5046  
1.3779 

2 - 3 9 7  

2270 
1.500 
2.523 
347.2 
338.3 

H l t G I  0.22640 

EXIT EXIT  E X I T  E X I T  E X I T  
40.000 100.000 200.000 400.000 600.300 
0.1021 0-0408 0.0204 0.0132 O.OOb8 

1515 1160 9 4 3  76-4 1.71 ~~~~ 

-1470.1 -1638.8 -1739.4 -1820.9 -1861.1 
3.7920 3.7920 3.7920 3.7920 3.7920 

14.359 14.359 14.359 14.359 14.359 
0.484b 2.4673 0.4565 0.4507 0.4490 
1.3997 1.4207 1.4353 1.4431 1.4455 

3.010 3 - 6 2 3  4.132 4.696 5.053 

2270 2270 2270  2270 2270 
1.585 1.643 1.677 1.704 1.717 
4.635 8.362 13.15 20.7b 27.17 
366.9 380.3 388-1 394.3 397.3 
340.0 361.0 372.9 382.3 386.9 

H 2 l G 1  0.07183 HI '11; I  0.5$7'+8 

ADUITIUNAL PHOOUCTS HHICH U t K t  CONSIDERED BUT YHUSE MOLE FRACTIONS dERE LESS THAN 0.000005 F O <  4LL 4 S S I ; Y f 3  CONDIT13NS 

F Z I  G J  

INPUT, G-ATOMSIG 

H k 
FU tL ~ 9 9 2 0 6 3 5 ~  oa 0. 
UXIUANI  C. U. 5263158E-01 
PROPELLANT 0.7LBb168E-01 0.488721 BE-01 

LASE NU. a 60.0 13.000 

N U T t -  Y E I b H T  FRACTION OF FUEL I N  TOTAL FUELS AN0 OF OXIDANT I N  TOTAL OIIOANTS 
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TAB= M. - Continued. ROCKET ENGINE PERFORMANCE SPECIFIED FREEZING POINT 

CHEMICAL FORMULA 
FUEL H 2 
O X I M N T  F 2 

UT FRACTION ENTH#APY STATE TE?P J Z N ' S I T I  
(SEE NOTE1 CALIMOL 3Ea K ;/:: 

1.00000 -1893.670 L -0 .  -0. 
1.00000 -3030.890 L -0. -0. 

O/F* 13.00000. PERCENT FUEL- 7.1129. EPUIWALENCE R A T I O -  1.4499. 3ENSITV- 3. 

PARAMETLHS 

CHAMBER THROAT E X I T  
PC/P 1.000 1.743 5.000 
PI ATU 4.083 2.342 0.8166 
1. UEG K 4043 3826 3438 
HS C A L l G  -141.2 -440.8 -951.6 
5. C A L / ( G I l K l  3.7920 3-7920 3-7920 

14.359 14-635 15.139 
0.05858 0.05047 0.03755 

M, M M  UT 
(DLH/U.PlT 
I O L n / U C T  I P  -0.9464 -0.8416 -0.6600 
CPI C&./1GlIKJ 2.7271 2.5083 2.1010 
G A M A  1.1543 1.1536 1.1555 
HACH NUMBtK 0. 1.OUO 1.763 

CSTARI M/StC 2393 2393 
CF 1.235 1.391 
* € / A I  1.000 1.515 
1 V A C e  StL 301.5 339.5 
1. SEC 161.5 265.6 

U t R l  U A T I V E S  

~ o L I / m P c l P c / P  0.01662 0-01511 
( O L T / M P L  JPC/P 0.04803 0.044S3 0.03784 
(ULAH/oLPLJPC/P -0. -0.00476 
t ULC S I L K  P C I  P C/P 0.01491 0.01491 

~ U L I / U H C l P C I P +  0.08944 0.09232 
f &JLT/OW JPC/P* 0.09070 0.09861 0.11 773 
t OLAR/OHLlPC/P+ 0 .  0- 01094 
1 OLCS/OnClPC/P+ 0.09216 0.09216 
WHC IN K L A L I G I  

( O L I I L L P C P I S  0.86684 0.27844 
(OLT/WPCPJS -0.09878 -0.09970 -0.10371 
t OLAR/ULYCP J 5 0. 0.58693 

MOLE FRACTIONS 

F l t G J  0.05430 0.03921 0.01781 
H l ( G 1  0.22640 U.LOBS~ 0.16957 
H 2 t G J  (1.07183 0.07625 0.09057 
H l F l I G I  4.64748 (1.67602 0.72206 

AOOITIUNAL PWOUCTS WHlCH YERt  CONSIDERED BUT YHOSE MOLE FRACTIONS #ERE LESS THAN 0.000005 FO3 9 L L  4SSI;Ni) ~ D Y O I T I J Y S  

F21 GI 

1 NPUT s G-ATOMSIG 

H F 
FU tL C.9920635E 00 0- 
UXIOANT C. 0.5263158E-01 
PROP ELL ANT 0.708616 8E-01 0.48 872 1 8E-01 

CASt  NU. C 60.0 13.000 

Nult. Y k I G H T  FRACTlUN OF FUEL I N  TOTAL FUELS AND OF OXIOANT I N  TOTAL OZIOANTS 
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TABLE M. - Continued. ROCKET E N G m  PERFORMANCE SPECIFIED FREEZING POINT 

C H t  M 1 C AL FURUULA 
FUEL H 2 
oxicmr F 2 

UT FRACTION ENTHALPY S T A l t  TEMP 3ENSITV 
(SEE N O r E l  CALlMOL JE; K a/:: 

1-00000 -1893.670 L -0. -0.  
1.00000 -3030.890 L -0. -0. 

0/F= 13.00000. P€RCENT FUEL- 7.1429. EQUIVALENCE R A T I O -  1.4499. 3ENSITY- 0. 

PAHAMET ERS 

E X I T  EXIT EXIT E X I ~  EXIT EXIT EXIT EXIT 
PC/P 5.000 10.000 15.000 40.000 100.300 200.000 400.000 600.000 
P. ATU 0.8166 0.4083 0.2722 0.1021 0.3408 0,0204 0.0102 0.0068 
1. DEG K 3438  2899  2619  2035 1 5 9 2  1313 1 0 7 7  9 5 7  
He CAL/G - 9 5 1 - 6  -1239.3 -1386.0 -1664.3 -1931.5 -2033.3 -2141.8 -2195.8 
5. C N / ( C ) I I O  3 - 7 9 L 0  3.7920 3.7920 3.7920 3.7923 3.7920 3.7920 3.7920 

I ,  MOL UT 15.139 1 5 - 1 3 9  15.139 15.139 15.139 15.139 15.139 15.139 
LP. C I Y / I G ) ( K I  0 - 5 3 9 7  0.5277 0.5200 0.4997 0.4803 0,4663 0.4533 0.4468 
LAMU A 1.3214 1.3311 1.3377 1.3563 1.3761 1.3919 1.4077 1.4160 
MALH NUMBIS 1 - 6 4 9  2.082 2.327 2.919 3.499 3.971 4.483 4.806 

CLTAR. M/StC 2 3 9 3  2393  2393 2303 2 3 9 3  2393 2 3 9 3  2393  
LP 1.391 1-48b  1.535 1.632 1.699 1.739 1.770 1.786 
AEIAT 1 - 5 1 5  2 - 1 9 5  2.794 5.198 9.519 15.15 2k.18 31.79 
IVAC. S t C  339.5 362.7 374.6 398.1 414.6 424-2  432.0 435.8 
1. SEL 165.6 309.1 329.1 366.$ 391.4 405.8  417.2 422.8 

MOLt FRALTIUNS 

F11G) 0.017B1 H l  (G) 0.16957 H Z I G I  0.09057 H I '  I I: I 0.72236 

A U O l ~ l O N A L  P W O U C T S  YHlCH U t R t  CONSlOEREU B u r  UHOSE MOL€ FRACTIONS dERE LESS THAN 0-000005 F O 1  4LL 4SSI:NCD 3 0 N O I l I O N S  

F24 G I  

INPUT. G-ATOMS/G 

H F 
I-UEL L Y 9 2 0 6 3 5 E  00 0. 
O I I U A N T  0. 0.5263158E-01 
PHUPUL ANT G.7U&l6168E- 01 0 .  4UU7218E-01 

CASE Nu. (I 12.0 13.000 

NUrt. Y E I b H T  FRACTION OF FUEL I N  TOTAL FUELS AND OF OXIDANT I N  rOTAL OLIOANTS 
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TABLE YII. - Continued. ROCKET ENGINE PERFORMANCE KINETIC NOZZLE EXPANSION 

CHtMlCAL FORMULA 
FUEL H 2 
OXICANT F 2 

UT FRACTION ENTHALPY STATE TEMP JFNSI TY 
(SEE NOTE1 CALIMOL > E ;  K , / : Z  
1.00000 -1893.670 L -0. -0. 
1.00000 -3030.890 L -0. -0. 

U/F= 13.00000. PERCENT FUEL= 7.1429. EQUIVALENCE RATIO= 1.4499. )EYSITY= 3. 

PAHAMETtKS 

CHAMMEH THROAT E X I ~  
PC/P 1.UU0 1.743 5.0UO 
P. A T M  4.G83 2.342 0.8166 
1. O E G  K C043 3826  3 4 3 8  
He CAL/G - 1 4 1 . 2  -440.8 -951.6 
bn L A L / I G I I I ( I  3.7920 3.7920 3.7920 

M. nu U T  14.359 14.635 13.139 
I OLt4lULP I T  0.05858 0 . 0 5 ~ 4 7  0.03755 
I JLM/OL 1 IP -0 .9464 -0.8416 -0.66OU 
CPI L & / I L . I I K I  2.7211 2.5083 2 . 1 U I O  
bAhMA 1.1543 1.1546 1.1555 
HACH NUnmtR 0. 1.000 1.764 

L iTAH, M / i t C  
CF 
*€/AT 
IVAC. S t L  
I .  SEC 

2393  1393  
1.235 1.391 
1.UUO 1.515 
301.5 339.5 
161.5 265.6 

0 t H l V A T  IVES 

I O L I  /OL P L  JP C / P  u.01662 0.01511 
IOLT/OLPLIPC/P O - U 4 ( 1 G 3  0.04455 0.03784 
1 o L a n / u L P c J ~ c / ~  -b. -0.00476 
I J L ~ ~ / u L P L J P C / P  0.01491 0.01491 

I U L I / O H L  J P L / P *  u.08944 0.09232 
I D L T / 0 n C l P L / P *  G-bY(r70 U.09861 G.11773 
1 ULUR/JHLIPC/P* 0. 0.01094 
I ULCS/unClPC/P* 0.G9216 0.09216 
* l H C  I N  I(LAL/GI 

I ULI/OLPLPI  s 0.86684 0.27844 
lULT/U.PCP)S - 0 . U 9 8 7 8  -U.09¶70 -0.10371 
I ULAHIDLPCP I S 0. 0.58693 

MULE CKACTIONS 

F l l G l  

H L I G I  
n A F I l G 1  

n l l b l  
0.05450 (1.03921 O.(r1781 
0 - 2 2 6 4 b  U.20853 0.16957 
0.07183 0.07625 (1.09057 
0.64748 0.67602 0.72206 

AJOITIUNAL P M U U C T S  WHICH *€RE CUNSlDEK€O MU1 YHOSE MOLE FRACTIONS d E R E  LESS THAN 0.000005 FOX 4 L L  4SSl;hli) ZOYDITIONF 

F 2 1  G I  

INPUT. G-ATOMSIG 

H F 
FUtL C.9920635E 00 0. 
OXIDANT 0 .  0.52631 58E-01 
PHWtLLANT G-7086168E-01 0-4887218E-01 

CASE No. 0 60.0 13.000 

N u i t .  Y t l b H i  FRACTION UF FUEL I N  TOTAL FUELS AND UF OXIDANT I N  TOTAL OXIDANTS 
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TABLE W. - Concluded. ROCKET ENGINE PERFORMANCE KINETIC NOZZLE EXPANSION 

111 FRACTION ENTHALPY STATE TEMP 1:NSlTY 
CHEMICAL FURMULA ISEE NOTE1 CALlMOL )E; K 

CUEL H 2 
dXICANT F 2 

PAHAMETtKS 

PL/P 
0 .  ATM 

n. MUL u r  
LP. L b A / I C I I K I  
b A W A  
MACH NUMBEN 

CITAK. M/ztC 
LF 
n t / A T  
IVAC. S E C  
I .  StL 

MULE FKALTIUNS 

t l l t i )  

t X I T  
5.UbO 

U.0lbb 
343u 

-Y51.6 
3.79LU 

15.13Y 
0.3397 
1.3214 

1.649 

23Y3 
1.391 
1.515 
339.5 
265.6 

1.00000 -1893.670 L - 0 .  -0.  
1.00000 -3030.890 L -0 .  -0. 

O/F= 15.00000. PERCENT FUEL= 7.1429. EQUIVALENCE RATIO= 1.4499. )ENSITY= 0. 

EX1 1 
80.000 
0.U5IU 

1691 
-1853.4 

3.7Y20 

15.139 

1.3711 
3.354 

2393 
1 . 6 B 4  
0 - 2 0 4  
411.0 
386.0 

0 . 4 1 5 ~  

t X I T  E X I T  E X I T  EXIT E X I T  E X I T  E X I T  
100.000 800.000 1000.000 1500.000 2000.000 2500.000 3000.000 

0.0408 0.0051 0 . 3 3 4 1  0.0027 0.0020 0.0016 0.0014 
I592 079 023 729 669 626 592 

-19Ul.S -2230.5 -2255.4 -2296.7 -2323.1 -2342.0 -2356.6 
3.7920 3.7920 3.7920 3.7920 3-7920 3.7920 3.7923 

15.159 15.139 15.139 15.139 15.139 15.139 15.139 

1.3761 1 . 4 ~ 0 2  1.4229 1.4264 1.4~80 i . 4 2 1 ~ ~  1.4295 
0.4003 0.6436 0.4417 0.4391 3.4379 0.4373 0.4369 

3.499 5.049 5.245 5.619 5.898 6.124 6 . 3 1 3  

2393 2393 2393 2393 2393 2393 2393 
1.699 1.796 1.803 1.814 1-822 1.827 1.831 
9 - 5 1 9  38.61 44.91 59.12 71-88 83.68 94.75 
414.6 438.2 439.9 442.7 444.5 445.0 446.8 
391.4 426.4 428.9 433.1 435.7 437.6 439.1 

H I  ( G I  0.16957 H21t i I  0.09057 H l F l l ;  I 0.7??35 

AUIJITIUNAL PHUUUCTS YHILH YEKE CUNSIOEKEU BUT UHUSE MOLE FRACTIONS *ERE LESS T H A N  0.000005 F O 1  4LL  d S S I S Y i 3  C O Y D I l 1 3 Y 5  

F 2 1 6 )  

INPUT, G - A T O H S / G  

H F 
CUtL C . Y Y L O 6 3 5 €  Lid 0. 
UXIUANT C. u.5263158t-01 
PHUPELLANT 0.7LbblbdE-01 U.488721dE-01 

CASE NU- 0 12.0 1 3 . U U O  

NUTt- Y t l ( r H T  FKACTIUN OF FJEL I N  TOTAL FUELS ANU UF OXIDANT I N  TOTAL OXIDANTS 
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IIIIII IIIII Ill1 I I I 

TABLE MI. - SUBSONIC COMBUSTION W E T  ENGINE PERFORMANCE EQUILIBFUUM NOZZLE EXPANSION 

CHEMICAL FORMULA 
FUEL H 2.000UO 
OXIOANT N 1.56180 o 0.41900 AR 0.00960 

UT F R A C T I J Y  EFT-lALPY S T 4 T E  TEMP 3 E N S I T Y  
( S E E  NOTE1 .4L/M3L )E; K z ! : Z  

1.00000 4942.930 ; -0. -1. 
1.00000 12277.000 2 -3.  -1. 

O I F =  34.29030. PERCENT FUEL= 2.8336. EQUIVALENCE R A T I O =  1.0000. 3 E N S I T Y =  0. 

PARAMET t k S  

P C / P  
P S  ATM 
1. OEG K 
HS CAL/G 
5 ,  C A L / I G I I K I  

M. MU nT 
I O L M / U P l T  
I 0UIILLT )P  
CPI C Y I I G I I K I  
G A M  A 
MACH N U M E W  

CSTAR. M I S E C  
C f  
*€ /AT 
IVAC, SEC 
I .  SkC 

O € R I Y A T I V E S  

1 O L I / o H C I P C / P *  
I M T / U H L I P C / P *  
I DLAR/UHLIYC/P*  
i DLCS/OHLIPC/Y*  
C l h C  IN  K C A L I G I  

E X I T  E X I T  EXIT E X I T  E X I T  E X I T  E X I T  E X I T  
5.000 10.000 15.000 40.000 100.000 200.000 400.000 600.000 
8.668 4.334 2.889 1.084 0.4334 0.2167 0.1084 0.0722 
2611 2351 2199 1837 1524 1313 1125 1025 
99.6 -40.2 -115.3 -274.7 -398.7 -477-9 -545.9 -581.0 

2.4990 2.4990 2.4990 2.4990 2.4990 2.4990 2.4990 2.4990 

23.788 24.010 24.356 24.503 24-560 24.629 24.644 24-646 24.646 24.646 
0.01209 0.00946 0.0041 9 0.00201 0.00119 0.00023 0.00003 0.00000 0.00000 0.00000 
-0.2551 -0.2011 -0.1034 -0.0552 -0.0349 -0.0081 -3.0013 -0.0002 -0.0000 -0.0000 

0.8583 0.7855 0.6293 0.5360 0.4906 0.4167 0.3833 0-3678 0.3545 0.3468 
1.1634 l.lb62 1.1816 1.1997 1.2128 1.2447 1.2672 1.2809 1.2944 1.3029 
0. 1.000 1.742 2.125 2.335 2.836 3.324 3.717 4.132 4.387 

1626 1626 1626 1626 1626 1626 1626 1626 1626 
-0.243 -0.039 0.112 0.190 0.348 0.461 0.528 0.580 0.634 

1.000 1.533 2.361 3.096 6.124 11.79 19-46 32-24 43.33 

-1020.5 -164.2 467.8 795.6 1458.4 1932.8 2213.4 2432.7 2533.1 
-1018.3 -160.8 473.1 832.4 1471.9 1958.8 2256.4 2504.1 2629.0 

0.00829 0.00657 0.00544 0.00480 0.00344 0.00250 0.00198 0.00159 0.00140 
0.02483 0.02020 0.01031 0.00381 0.03039 -0.00527 -0.00731 -0.00786 -0.00820 -0.00839 

-0. -0.00589 -0.00995 -0.01210 -0.01551 -0.01636 -0.01636 -0.01630 -0.01630 
0.00652 0.00652 0.00652 0.03652 0.00652 0.00652 0.00652 0.00652 0.00652 

0.23172 0.24499 0.25641 0.26385 0.28233 0.29757 0.30710 0.31518 0.31937 
0.36166 0.39519 0.49333 0.57918 0.63283 0.74500 0.80985 0.84390 0.87570 0.89500 

0. 0.05641 0.11184 0.14808 0.22579 0-27037 0.29404 0.31763 0.33270 
6.24293 0.24293 0.24293 0.24293 0.24293 0.24293 0.24293 0.24293 0.24293 

l D L I / U P L P I S  0.82347 0.26771 0.17731 0.14525 0.09596 0.06858 0.05428 0.04346 0,03830 
( O L T / L L P C P I S  -0.12215 -0.12655 -0.14307 -0.15968 -3.17069 -0.19522 -0.21063 -0.21924 -0.22745 -0.23247 
I DLAR/OLPCP I S  0. 0.54463 0.62222 0.64531 0.67349 0.68658 0.69246 0.69509 0.69524 

HOLE FRACTIONS 

A R I I G I  
H I I G I  
H L I G I  
H Z 0 1 l G I  , 

N l I G I  
N2lGJ 
N l H l ( G 1  
N I U I I G I  
NLD2lGI 
OllGl 
021G1 
U l  HI I G I  

0.00766 0.00773 

0.04044 0.031 75 
0.27700 0.29364 
o.uoool 0.00000 
0.61736 0.62475 
o.ooo(11 0.00000 
0.01154 0.00844 
0. 00001 u.00000 
0.00327 0.00202 
o.oon8n 0.00749 
0.02477 0.01840 

0.00905 0.00578 
0.00784 
0.00173 
0.01636 
0.32103 
0.00000 
0.63614 
0.00000 
0.00376 
0. 0000u 
0.0005 5 
0.00442 
0.0081 6 

0.00789 0.00791 
0.00055 0.03324 
0.00874 0.00548 

0.00000 0. 
0.64097 0.64285 
0.00300 0.05)03 

0.00000 0.0J003 
0.00016 0.0300b 
0.00257 0.00169 
0.0037Y 0.00214 

0.33352 0.33~154 

0.001n2 0.03107 

0.00793 
0.00002 
0.00121 
0.34479 
0. 
0.64508 
0. 
0.00020 
0.00000 
0.00000 
0.00042 
0.00034 

0.00794 0.00794 
0.00000 0.00000 
0.00017 0.00003 
0.34621 0134639 
0. 0. 
0.64557 0.64563 
0. 0. 
0.00002 0.00000 
0. 0. 
0.00000 0. 
0.00007 0.00001 
0.00003 0.00000 

0.00794 
0. 
0.00000 
0.34642 
0. 
0.64564 
0. 
0.00000 
0. 
0. 
0.00000 
0.00000 

0.00794 
0. 
0.00000 
0.34642 
0. 
0.64554 
0. 
0.00000 
0. 
0. 
0.00000 
0.00000 

A O D I T I U N A L  PRODUCTS WHICH WERE CONSIO€REO BUT WHOSE MOLE F R A C r I O N S  Y E R E  LESS THAN 0.000005 FDa 4 L L  4SSlS"liD t O Y O I T l O N S  

N 1H21 G I N l H 3 I G I  N201IGI N 2 0 4 1 G l  H201151 H2011 L I 

I N P U T .  G-ATOMSIG 

H N 0 AR 
FUEL C.99206358 00 0. 0. 0. 

Q X I O A N T  0. 0.5391996E-01 0-144b5bbE-01 0.3314327E-03 
PRUPELLANT C.281115OE-01 0.5239206€-01 0.1405575E-01 0.3220411E-03 

CASE NU. C 636-9 34.290 

ru le .  W E I G H 1  F R A C T I O N  OF F U E L  I N  TOTAL F U E L S  AND OF OXIDANT I N  TOTAL OKIDANTS 
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TABLE MI. - Concluded. SUPERSONIC COMBUSTION W E T  ENGINE PERFORMANCE EQUILIBRIUM NOZZLE EXPANSION 

CHtMlCAL FORMULA 

UXIOANT N 1.56180 0 0.41900 AR 0.03960 
FUEL n 2.00000 

UT FRACTIIY EHTiALPY S T a T E  TEMP D E Y j l T l  
(SEE NOTE1 . iL/MDL 3ES K S I Z t  
1.00000 4942.930 ; -3. -3.  
1.00000 2840.000 ; -3. ->. 

O / F =  34.290301 PEHCLNT FUEL- 2.8336. EQUIVALENCE R A T I O -  1.0000. JEYSITV- 0. 

PAHAMETtKS 

G A M  A 
MACH hUM8ER 

CSTAR. M/btC 
CF 
*€/AT 
1vAC. s tc  
I r  SEC 

CHAMBER E X I T  EXIT E X I T  EXIT EXIT 
1.000 1.000 5-000  10.000 15.000 18.000 
2.326 2.326 0.4652 0.2326 0.1551 0.1292 
2802 2802 2304 2077 1940  1878 

3 0 3 - 8  303.8 -35.2 -158.6 -224.5 -252.6 
2.6826 2-6826 2.6820 2.6826 2.6826 2.6826 

23.791 2 3 - 7 9 1  24.388 24.533 24.584 24.601 
0.01347 0.01347 0.00382 0.00162 0.00086 0.00063 
-0.3007 - 0 - 3 0 0 7  -0.1051 -0.0495 -0.3282 -0.0213 

0.9920 0.9920 0.b488 0.5270 0.4735 0.4541 

0. 1.763 2 - 5 9 4  2.919 3.111 3.198 
1 . 1 4 ~ 1  i . i 4 t ( i  1.1759 1.2015 1.2193 1.2269 

513 513 513  513 513 
0-050 0.400 0.513 0.568 0.590 
1.020 3.068 5.106 6.890 7.883 
221.7 1717.8 2216.8 2470.8 2576.5 
208.4 1677.9 2150.4 2381.1 2473.9 

0 . 0 1 ~ 6 9  0.00695 0.00567 0.00495 0.00464 
0.02532 0.02532 0 -01004  0.00281 -0.03087 -0.00227 

I ULI/&PClPC/P 
I ULT/OLPLIPC/P 
I ULAH/UPLIPC/P -0. -0.00045 -0.00512 -0.00749 -0.00637 
1 IJLCS/OLPCIPC/P o.00078 ( i .0~078 0.00078 0.03078 o.00078 

t ULI/OHL lPC/P* 0 - 1 6 8 3 1  0.26202 0.27973 0.29116 0.29638 

1 ULAR/OiiCIPC/P* I). 0.04627 0.13,139 0.18427 0.20663 
I OLCS/UHC lPC/P* 0.29965 0.29965 0.2YY65 0.29965 0.29965 

1 o L r / w i c w c / P *  0 . 3 5 ~ 7 8  0.35978 0.55014 0.67727 0.75379 0.70595 

*tnL IN KCALIGI 

I OLI/OLPCPIS 0.26917 0.12133 0.09378 0.08142 0.07652 
lULT /&PCPIS  -0.10952 -0.10952 -0.13880 -0.16132 -0.17555 -0.18167 
I ULAK/ULYCP IS .0. 0.12726 0.13670 0.13709 0.13673 

MOLE FKALTIIINS 

0.007bb 0.00766 0.00785 0.00790 0.00792 0.00792 
0 - 0 1 0 5 9  L O 1 0 5 9  0.00175 0 -00047  0.03017 0.00010 
0 .u3na i  0.03dai 0.01463 '0.00709 u.00407 0.00306 
0 . 2 7 9 2 ~  0.27928 0.32407 0.33619 0.3+07+ 0.34221 
0.61937 0.61937 0.63774 0.64218 0.64376 0.64426 
0.00772 0.00772 0.00225 0.00097 0.03052 0.30038 
0.00371 0.00371 0.00051 0.00012 0.05004 0.00002 
0.01083 0.01083 0.00476 0.00246 0.00147 0.00112 
0.02202 0.022UZ 0 - 0 0 6 4 3  0.002b2 0.03132 0.00093 

AUOITIUNAL PRUUUCTS WHICH WtHE CUNSIOEREU BUT YHUSE MOLE FRACTIONS WERE LESS THAN 0.000005 FO3 &LL ASSl iNED CONOITI3YS 

N l I G l  N l H l I G l  N lH21Gl  N I H 3 l G l  N I O Z I G I  N Z O I I G I  N 2 0 4 l G I  t i 2 3 1 1 ~ 1  i 2 0 1 I L l  

INPUT. G-ATOMSIG 

n N 0 AR 
FU U 0.99206351 00 0. 0. 0. 
UXIOANT 0. U.5391996E-01 0.1446555E-01 0.3314327E-03 
YRUPtLLANT C.281115OE-01 0-52392CbE-01 0.1405575E-01 0.3220411E-03 

LASE NO. U 34.2 34.290 

kUrE. Wt lbHT FRACTION OF FUEL I N  TOTAL FUELS AND OF OXIDANT I N  TOTAL OKXDANTS 
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throat, or are printed out on the second page if the freezing point is upstream of the 
throat. 

Table Vm presents the sample output for an equilibrium nozzle expansion for a 
subsonic-combustion ramjet and a supersonic-combustion ramjet. The pressure ratio 
and area ratios for the supersonic-combustion ramjet are based on the combustor-exit 
static pressure and area, respectively. 

COMPARISON OF APPROXIMATE KINETIC SOLUTION WITH 

EXACT KINETIC METHOD 

To indicate the utility of the approximate kinetic analysis to various chemical sys- 
tems, calculations from this method were compared with those from the exact kinetic so- 
lution of reference 4. Both methods were used to compute the vacuum specific impulse 
for rockets and the net fuel specific impulse for ramjets as a function of the nozzle-area 
ratio. Inasmuch as the chemical kinetics are affected significantly by nozzle geometry, 
the same nozzle geometry was used for both methods. In figure 3, the fuel specific im- 
pulse calculated by the two methods is shown for the hydrogen-air system for an equiva- 
lence ratio of 1. The nozzle geometry is shown in the figure and is a 7'-conical nozzle 
with a throat radius of 4.064 centimeters. It can be seen that the approximate solution 
agrees quite well with the exact solution. At an area ratio of 40, the difference in fuel 
specific impulse calculated by the two methods is only 60 seconds, or  about 2 percent. 

A comparison for the propellant system of nitrogen tetroxide with a mixture of 
50 percent hydrazine and 50 percent UDMH is shown in figure 4. The important recom- 
bination reactions for this system are the same as those for the hydrogen-air system 
presented in table I (p. 6). The nozzle geometry used in these calculations is a 20' con- 
ical nozzle with a throat diameter of 1 . 3  inches, described in reference 10 and shown in 
figure 4. Again, this figure shows that the impulse curves determined by the two meth- 
ods are in close agreement. The specific impulse calculated by the approximate method 
is only 6 seconds, or about 2 percent, above that of the exact solution at an area ratio 
of 100. 

As mentioned previously, the application of the approximate solution to the two sys- 
tems, hydrogen-air and nitrogen tetroxide with a 50-50 mixture of hydrazine and UDMH, 
was investigated in references 8 to 10 with similar favorable results. However, the use 
of the approximate solution for the hydrogen-fluorine system has not been fully evaluated. 
A comparison between the two methods was made in reference 13 for hydrogen-fluorine 
at oxidant-fuel ratios of 8 and 14. In this comparison, the calculated specific impulses 
determined by the approximate method were about 12 seconds lower than those calculated 
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TABLE M. - HYDROGEN-FLUORINE 

RECOMBINATION REACTIONS AND 

REACTION RATE CONSTANTS 

Recombination reactions 

H +  F + M ~ H F + M  
K- 1 

52 
K-2 

H + H + M = H 2 + M  

Recombination rate constant 

18 
18 

c1 = 7.WlO 
c2 = 7.5xf0  

Reference 

14 
14 

by exact method. In the present study, the comparison of the two methods for this sys- 
tem was extended to cover a range of oxidant-fuel ratios from 7 to  19 for two nozzle ge- 
ometries. The recombination reactions and rate constants for this study were taken from 
reference 14 and a r e  presented in table E. The nozzle geometries used a re  the con- 
toured bell and the 15°-conical nozzles described in reference 15. Figure 5 presents the 
vacuum specific impulse calculated by the two methods as a function of nozzle-area ratio 
for the contoured bell nozzle for an oxidant-fuel ratio of 9. The difference in specific 
impulse calculated by the two methods is 4 seconds, or about 1 percent, at an area ratio 
of 100. The agreement then is quite good for this oxidant-fuel ratio and nozzle geometry. 
The calculated specific impulse for the same nozzle for an area ratio of 100 and oxidant- 
fuel ratios ranging from 7 to 19 is presented in figure 6. The impulse curve determined 
by the approximate solution is in agreement with that of the exact method. The difference 
in impulse calculated by the two methods increases somewhat with increasing oxidant- 
fuel ratios. Impulse differences are 4 seconds, or 1 percent at an oxidant-fuel ratio of 
9 and 10 seconds, or 22 percent at an oxidant-fuel ratio of 15. Figure 7 shows the spe- 
cific impulse calculated by the two methods for the 15°-conical nozzle for the same range 
of oxidant-fuel ratios. The approximate metho-d is in general agreement with the exact 
method but is about 10 to  15 seconds lower, or 22 to 3 percent. However, considering 
that the difference between the equilibrium and frozen curves increases from 50 seconds 
at an oxidant-fuel ratio of 7 to  95 seconds at an oxidant-fuel ratio of 19, the approximate 
method does agree well with the exact method for the range of oxidant-fuel ratios con- 
sidered. 

1 

1 
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CONCLUDING REMARKS 

The approximate kinetic analysis used in the program was shown to predict dissoci- 
ation losses that agree reasonably well with exact solutions for the propellant systems 
hydrogen-air, hydrogen-fluorine, and nitrogen tetroxide with a 50- 50 mixture of hydra- 
zine and UDMH. The approximate program uses about a 1/4-minute execution time per 
case. 

to the following conditions: 
The program may be used for kinetic calculations for other similar systems subject 

(1) Bimolecular reactions involving small energy changes 
(2) A detectable molecular weight change with temperature and pressure resulting 

For systems that do not fulfill completely the above limitations, preliminary com- 
parisons of the results from the approximate analysis with those from an exact solution 
(ref. 4) would indicate the extent of the error  involved. 

the program on magnetic tape instead of IBM cards. Therefore, a blank magnetic tape 
of 556 or 800 bits sent with the request would be desirable. 

from the recombination reactions only 

The program may be obtained by a request to the authors. It is preferred to copy the 

Lewis Research Center, 
National Aeronautics and Space Administration, 

Cleveland, Ohio, April 26, 1967, 
126 - 15- 03- 08- 22. 
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APPENDIX A 

RAMJET COMBUSTOR ANALYSIS 

To give the program the capability of calculating engine performance for a wide va- 
riety of ramjet cordigurations, the combustor solution is designed for either a specified 
combustor pressure ratio or  area ratio. For other then constant pressure or area cal- 
culations, then, some assumption for the pressure distribution is necessary. In this 
analysis, a linear distribution of pressure with a cross-sectional area is assumed. The 
determination of the flow properties at the combustor exit requires an iterative solution 
for five unknowns (enthalpy, temperature, velocity, molecular weight, and either pres- 
sure  or area) and the use of the four conservation equations (momentum, energy, mass, 
and state). Assume that conditions at the combustor inlet are known. Let subscript 2 
indicate combustor inlet, 3 combustor exit, and f fuel. 

ity at the combustor exit: 
Applying the conservation of mass, momentum, and state equations yields the veloc- 

r 3  
m V + P3A3 = m2V2 + P2A2 + 3 3  

cos a! - cD- m3v3 
,2 - 0 

m3 = m2 + mf 

Assume 

The equation of state when applied to  the fuel momentum yields 

Vf + gRT 

m f v f + p f A f = ( z )  "2 ( Av ) f 
From the conservation of energy, 
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Solution for Specified Area Ratio 

Combining equations (Al) to (A3) and letting K = A3 /A2 yield the velocity at the 

v3 = 1 r r . , + ~ ~ ~ 2 ( ~ + K ) ~ - ~ ~ + ~ c o ~ ~ ( . + ~ ~  (A5) 

combustor exit: 

The continuity equation yields 

p3 -43 v3 T2K 
T 3 = - - -  

A2 v2 1 +(;) 
Use H3 from equation (A4) and an assumed P3. The thermodynamic routines of the 
program a r e  used to compute the temperature T i .  

The combustor-exit conditions are then determined by an iteration between T i  /T3 
and P3/P2, which converges at the pressure ratio P3/P2 at  which ITj/T3 - 1 - 01 2 
tolerance. 

Solution for Specified Pressure Ratio 

Combining equations (Al) to (A3) and letting K = P3/P2 yield the velocity at the 
combustor exit: 

v3 k2 + 

gRT2) (1 - K) +(:)COS CY (Vf+m) 
2..viv2 "dv f 

4- 
- 
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I 

Let 

and 

then 

v3 = -C1 + d C 1 2  - 4C2 
2 

Rearranging equation (A4) also yields the velocity at the combustor exit: 

Let 

V3 

Vi 

velocity determined by eq. (A7) 

velocity determined by eq. (A8) 

The combustor-exit conditions are then determined by an iteration between V3 /Vi and 
H3, which converges at the enthalpy H3 at which I V3 /Vi - 1.0 I tolerance. 
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APPENDIX B 

NOZZLE CONTOUR INPUT FOR KINETIC CALCULATIONS 

The solution of equation (7) in the section Approximate Kinetic Analysis requires the 
determination of the derivative of the nozzle cross-sectional area ratio d(An/At) with re- 
spect to length x,. This determination is accomplished by using the nozzle throat dimen- 
sion yt and knowing the equation of the nozzle contour, xn = f(yn). 

The derivative of xn with yn is 

For axisymmetric nozzles, the derivative of the area ratio with y, is 

Therefor e, 

For two-dimensional nozzles, the derivative of the area ratio with respect to yn is 

-=- dkj 1.0 

Therefor e, 
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df &n - 
dYn 

The nozzle contour may be defined by more than one equation by dividing it into a 
maximum of five sections for rockets and subsonic-combustion ramjets or into three sec- 
tions for supersonic-combustion ramjets. The limits of the sections are the input param- 
eters SUB1, SUB2, and SUB3, which are referred to in Description of Input. The equa- 
tions for each section are defined by the input constants and the exponents CON and EEXP. 

The following sketches show how the nozzle contour is defined in equation form: 

(a) Rocket or subsonic-combustion ramjet. ( b) S u person ic -com bust ion ram jet. 

where 

SUB1 

SUB2 

SUB2 

SUB3 

An/At separating sections 1 and 2 

An/At separating sections 3 and 4 for rockets or subsonic-combustion ramjets 

An/At separating sections 2 and 3 for supersonic-combustion ramjets 

An/At separating sections 4 and 5 

The nozzle contour for each section may be described by either a polynomial of five 
arbitrary coefficients and four arbitrary exponents or the equation of a circle. 
polynomial, 

For a 

k x = a + byi + cyj + dy + ey'? 

where the values of CON and EEXP are 
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CON(1) = b 

CON(2) = c 

CON(3) = d 

CON(4) = e 

EEXP(1) = i 

EEXP(2) = j 

EEXP(3) = k 

EEXP(4) = 1 

For a circle, 

2 2 (x - a) + (y - b)2 = c 

dY [c2 - (y - b)2] 1’2 

where the values of CON are 

CON(1) = b 

CON(2) = c 

CON(3) = 0 

CON(4) = 0 

The exponents, EEXP, are not used 

used. Assume that a rocket nozzle has a contour that may be described as in the follow- 
ing table: 

The following example will illustrate the manner in which these input parameters are 

-~ 

~ .... . .. 

The values of ITYP, CON, and EEXP are presented in table X. 
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Sample Input Data UI 
SHEET-OF- 

b l  

; : :cL++.+ 
--+.I ; I o,o,, , 

++&AH+-: 

: :  - : : : : : : :  

-+I+- - - . - : : :  : : i : i  ' : ; : :  i : i : *  4 : : .  , , I  : 
b 2  e , l  , , , 

, , , , , , 

c l  d , l ,  , , , 

; ; o:.:o++ I ~ ! 0,. , , o ,  , , , , , , 

I , , 0 , .  , o ,  , , , , b , 4 ,  , , , , , , , c , 4  , , , , , , , d . 4 ,  , , , , , , , , , , , , , , , , , , , 

-+--ctt--+----t ; I ~ I , , . . 
: : -  

. : -- (cord), , , , , + : :c13: I I ' I : I 
, , , , , , , , b,3 , 

--+-t4- : : , , ,  b , 5 ,  , , , c 5  d , 5  , , e . 5 ,  , , - - - : : : : ,  , . !  ' / I . . )  : : : :  : I : : :  : I : : :  ! : : I :  

- 
-+_-_-,.-I - - - 

, -  

I 2 3 4 5 

NASA-C-836 

t t : : :  . : : ; :  : : c  - - - : : I : : :  : : : : I  ! ! : : :  : : : : :  : : : : :  : : : : :  

I : : : !  ! ! ! ! :  ! I ! : :  I : : ' '  I : : : :  : : : : :  : : : : :  : : : : :  " : : :  I : : : :  : : : : :  : : : : : , . ,  
I 

: I :  : : ; ; :  : / : : :  .-' : : ! : I  : I : : :  - . : : : :  : : t  

: : : : I  : : ! : !  k : ' : ' , : : : ' :  : : : : :  : I : : :  : : : : I  : : : : I  , : ! I :  I : : : :  : : : : :  : . : : : "  

: : : I : .  I ; : : :  ' t i : '  : " "  I ! : : :  : : : : :  : : : : :  : I : : :  ' : : : '  : : : : :  : : : : :  : . : ; :  ' 

: : : : :  : : ' I '  : : : : .  : : : : .  i : : : :  : ' : : ,  I . : : :  : : : : I  : ' : : :  : : : : :  : ' : ! '  " " " '  

, * _ , , , . I  I , , I  , , , I ,  , , . . .  I I : -  

i : -  : : ; : :  i :  

I , ,  , ,  , , , , I , . , , , l , . ,  , , , , , .  . , , , ,  , . , . .  I 

6 7 8 9 10 I1 12113 14 15 16 17 18 19 20 21 22 23 2L 25 26 27 28 29 3 d 3 I  32 3 3 3 4 3 5  36/3738394O 41 42ILS44454647 4849 50 51 52 53 5455 56 57 58 59 6061 62 6364 65 66161 68 69 10 71 72 73 14 75 76 77 7879 80 
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APPENDIX C 

FORTRAN IV  PROGRAM LISTING 

M A I N  PRUGRAM 
N t k i  COMMON 

CUMMJN /KDS/r(OK r J A D D  I r MNFRt I C O N S T  r 1  RAM, I Z E I A R t  I ROU, ICON, 

CUMMJN/KN 1/SU8 1 *SUI32 r S U B 3  I Y T t N L T Y P t  

CUMMON /KNZ/J  EAMt 1 TI ME2 rUAROXt  C U N V t R   APEI IS APE t 

CUMMON/KN3/KUFJ T t IJN 9 SPCP t 2 5 1  r KA PPA t AWT t OLDAUT 9 PCP 
L U M M U N / R ~ l / C O S T H t C D t t D A r T F  r H E A T C t P 2  r T 2  r A M O L 2 r V 2 t G A M 2 r  

CUMMO N /RM 2/P P 3 P 2  t C V t V 4  I JRA M 
CUMMU N /KN4/ANAMt  t 2 920 I t I J K  ( 20) t NUM 

21 FK €2 

2 I T Y P t  5 ) r C U N ( 2 0 ) t € t X P ( 2 0 1  r A K 1 2 0 1  

Z S A P E i  s S A P  €2, INUHE r P P T  
T 

2 P F 1  EL 0 I VO s AOAC r Q  1POt P 3 P 2  

3 92 01 
ZtNMUL sNAK 

t N D  C)F NEW CUMMUN 

U I M E N S I U N  G(20,LlIt A 2 ( 1 5 r 9 0 J  t E N ( 9 0 1 r  EN L N ( 9 3 1  
U I M t N S I U N  DEL N(90J t HH0190) s S ( 9 0 J  X ( 2 3 )  
O l M t N S l O N  D E L T A ( Z 3 l r  B O ( 1 5 )  I P C P ( Z 5 )  t PROD(31 
L ) IMkNSION C O k F X ( 2 0 )  t D X ( 2 O l  9 FORM( 1 5 1  
U I M k N S I U N  C u E F T 1 ( 1 5 , 9 0 1  C O E F T 2 ~ 1 5 r Y O l  
U I M E N S I U N  k L M T ( 1 5 ) q  D A T A ( 2 3 l t  DATUH(31,  F O R M L A ( 1 8 1  
OlMt lvSAON B O X ( 1 5 )  R O F ( 1 5 J  t A N S ( 4 5 4 l r  SYSTMt 1 5 1  
U I N t N S i U N  L L H T l 1 5 )  rHTSYSLA51 ,MDkTA(231 
O l M E N S I U N  A N S L A B L 4 5 4 1 s  C O E F T ( 1 5  r 9 0 )  
U l M t N S I O N  M A T O M ( 1 O l r 3 )  t A T O M ( 1 0 1 t 3 1  
CUHNUN G 
COMMON Q O O C € M ~ 7 7 O O 1  
CUMMON C 
E Q U I V A L t N C E  
t i l U  I VAL €N CE 
t U d 1  V A L I A  CE 
EQUIVALENCE 
kOU I V ALEN C t  
E P U I V A L € N C E  
k Q U A V A L W C E  
€UU I V A L € N C E  
t Q U  1 V A L t N C E  
t U U i V A L E N C E  
EclU I V A L E N C E  
t O U  I VALENCE 
E: QU I V ALENCE 
E W I V A L E N C t  
k4U I V ALEN CE 

t Q U  I V A L E N C E  
t U U  IVALEFJCE 
EUUIVALENCE 
EPU I V AA EN LE 
EUU IVALEFICE 
t U U I  VAL t N C E  

t Q u I V A L t N C E  

EQUIVALENCE 
t U U I V A L E N C E  
t O U 1  VALEN CE 
E W I V A L E N C E  
EUI,  1 V ALEN C t  
t Q U I V A L E N C E  
EQUIVALENCE 
t Q U I V A L t N C t  
EOUIVALENCE 
E Q J l V A L E N C t  
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EQUIVALENCE 
EUU I VAL kN C E 
EQUIVALENCE 
€ Q U I  VALEN CE 
tQ U 1 VAL EN C E 
tUU1 VALEN CE 
t O U  I VAL EN CE 
EUU I VAL t N C E  
EOU I VALEN CE 
tub1 VALENCE 
EOU l V A L E N C E  
EQUIVALENCE 
kUU I V A A t N  CE 
EQUIVALENCE 
E U 1  V A L t N C t  
E U U I V  ALEN C E  
t O U I V A L E N C E  
t Q U 1  V ALEN CE 
L U U I V A L E N C E  
tUu  I V A L  t N  CE 
t U u  1 v A L tk C E 
E U U I V A L t N C E  
EUU I VALENCE 
t UU I V A LEiU CE 
t Q U  1 VALkA L E  
EUU 1 V  A L  t N  C E  
EOU 1 V A L t k C E  
€QU i VAL EN L E  
t i l U  I V A L E N  C t  
€ Q U I  V ALEh  C E  
€ Q U I  VAL EN CE 
€ Q U I  V ALENCE 
E U U l V A L t N C E  
EUU 1 V ALkN CE 
E d U I  VALENCE 
E U U I V A L E N C t  
EUU I VALENCE 
E U U I  V A L t N C t  
E U U i V A L E N C t  

E4U 1 V A LEk CE 
t Q U 1  V A L E N C t  
t U U  I V  ALENCE 

(DATUM 
I P L .  

C (2329) 
C (2331) 
C (2333) 
C (2335) 
C (2336) 
C(2338) 
C (2340) 
C (2342) 
C(3692 

C( 5042) 

E U U I V A L E N C E t  MTIUWT) 
E U U I V A L t N C t  
t O U l V A L t N C E  LPKOBrMPROB) 9 ( E N D i M E N D )  
t Q U l V A L E N C E  (TMLMiMTMLM) (BLKsMBLK)  

(HSiMHS) , ( T S , M T S )  ,(PT,MPT) . ( T P i M T P )  , ( D E T i M O E T )  

C 
2 
C 

DATA Q00uCT/U3U736260606~/ 
1 H S=LIObOCT 

DATA QCOlCT/U637362606060/ 
T S=UUOlCT 
UATA QGOZLT/O477363606060/ 
P T=QOOZCT 
UATA POO3CT/U637347606060/ 
T P=Q003CT 
DATA 0004CT/O242563456060/ 
L) tT=UO04CT 
OATA PQ05CT/025452460606C/ 
kNU=UOO5C T 
UATA QCO6CT/U60/ 
t3Lh =uO u6C T 
OATA U007CT/U464431636060/ 
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I 

Ut4 I T=QOU 7CT 
UATA 0 L O B C T / 0 6 0 b O 6 U 6 J 6 0 6 0 /  
Lini=uocac T 

C 
C 
C 
c 

40 3 

4U 1 

5000 
42 Y 

C 

R E A 0  AN I N P U T  DATA 

I F  ( 1 S Y S - 9 5 )  401r403r401 
K E A U  ( 3 J ( G L I , l J r l = l r 8 0 4 4 )  

CALL S SWTCHL 6 9  KOOOFX) 

I S Y S = 9 5  
iFKCiL=O 
K t W I N D  4 
L U i u T l N U t  
CALL I N P U T  

R k h l N D  3 

i;o T O  I651r3003 J r KOUOF X 

I N P U T  READS PROP€LLAIYT CARDS 
I F ( L . E O . O J t U  TO 651 
KEAU( 5 ~ 1 0 )  

2 k d K  r J A DDI  r M N f  R r I D€B UG r 
2 I P K U B  9 I C U N S T r  IRAM, i Z E I A R  v 
21RI)Ur I W N  r I F K E Z  

10 F O K M A T ( 2 U A 3 )  
Dkt lUG 

2KUK 9 J A DU A r MNFR r COt BUG 9 

2 I Y A 0 8  9 ICONST r I K A M t  1LE I A R  r 
21RUUr  I C u N r  I F R E L  

 KAT^= J A L i D l  
K A T Z =  IFKEZ 

WKATEL6.4) 
4 FUKMRTL24HUPRESSURE R A T I O  SCHEDULE) 

OAMENSAUFl Z P C P L 2 5 )  
R t A O (  5.7) 

2L LPCP L 1 )  9 1 = 1 r  JAUD 1 t 
7 FURHATLSFi0 .5)  

W R I T k L  6 s  121 
2 ( L P C Y (  1)s I = l , J A D D I  J 

12 FUKMAT(SG17.8) 
1FLMNFK.NE.-LJGO TO 20 
KEAOL 5 9 7  J SUB l r  SUBZrSUB3.Y T 
R t A O (  5 9 1 O ) N L T Y P  
R E A O I 5 r l O ) L i T Y P ( I  J r I = l r 5 )  
READ( 517) (CON( I J r I = l ~ I C O N )  
R t A O i  5 
K E A O I  5 9 1 0 J N # U L r N A K  
R E A D L 5 r 4 1  J L  I J K  (1  1 9  (ANAHE i J r1 )  9 J= l  r Z  ) 9 1x1 9 NMOL) 
FUUf lAT 4 15 9 5X I 2 A 6  J 
K E A D l  5 r 4 3  J 1 

7) 1 Et XP L I J r I = l r  I C O N )  

41 

2 A K (  AI * ( N U M i J  I 1 * J = 1 * 3 )  . I = l  mNAK) 
43 

15  

16 

17 

L 8  

42 

. .  . 
fClKNAT L t 10.593 I 5  J 

fOkMATL34HOCONSTANTS FOR K I N E T I C  C A L G U L A T I  ON) 
OEtlUG SUB 1. SUB 2 v SUB 3 9 Y TI N L T  YP 

WKATEL 61 15) 

WK I T E L  6r 16) L I T Y P  L I J r I = 1  r 5) 
FURMAT( 5 H O l T Y P  r Z X r  101 3 J 
W K l T t l  6r A 7 )  I C O N (  i j r I = l r I C O N  J 
FUKMATL4HOCUN/L5G17.8)) 
W R A T t t  6 v 1 8 ) L E E X P L I  J r I = l r I C O N )  
h J R M A T  L 5HOEEXP/ f 5G17.8) ) 
W R I T t L 0 r 4 2 )  
kOKMAT(27HOMULECULtS AND AK CONSTANTS) 
WKATE( 6.41) ( I J K L  I ) LANAHE LJ.1 J I J= l .2 )  . I = l  .NMOLJ ~. . .  . 

W K L T t L b r 4 4 J ( I r  
ZAKL I J r LNUMLJ r l  ) v J = A r 3 J  r I = l r N A K )  

44 f LlUHAT ( 1HO/(  1X r 3 H A K ( r  11 rZH)=G15.8 13 I 3  1 1 
20 COiUTINUt 

IF( IRAM.NE.1 )GO TO 2 1  
WKATtL  6 r 3 G J  

R E A O L S r 7 7 )  
30 FUKMAT(33HOCONSTANTS FUR RAMJET CALCULATION)  

2CUSTH9 C o t  CUA 9 T F S r  WMF 9 V i  ,DE L H  9 
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LP2, T L  
Z P F l t L D , V U  PAOAC 1c11001P3P2 

AMOL2 , V 2  ,GAM2 , 
AEBUG 

2LUST H t  CDr GOA T f  S s UMF P VT ,DE L H  , 
2P21 T L ~ A M O L ~ I  VZIGAM~I 
LPFlELD,VO PAOAC sOlOO,P3PZ, 

VZ=VL/  . 3 0 4 8  
VU=VU/.3048 
VT=VT/ .3048 
T c 4 =  VT + 8 9 5 4 8 . 2  * TFS/(WMF * VTJ 
HEATC = V T  * * 2 . W 9 0 1 8 5 . 7 6  + DELH 

7 7  FOKMAT(7F10.  5 / 5 F l O . 5 / 5 F 1 0 . 5 1  
2 1  CUNTINUE 

I F (  1PUOB.tO. lJMPRUB=MHS 

4 4 3  
C 
c 
C 

1 4 4 7  

4 4  7 

920 
92 1 

448 

44 9 
C 
C 
C 

4 5 2  

A452 

43 3 
4 5  9 

3 Y  8 
C 
C 
C 

bU 0 

1198 
L A Y 9  

198 

19 9 

IF t IPKOB. EO. 2 J MPROB=MTS 
KASE=O 
* I R I T t  (6, 443 JHX, V X P L S t  VXMI NIHF 9 V F P L S s V F M I N  

1 0 X L l ) r B O F  ( 1 )  , i=l,L) 
P ( E L M T L I l r B  

FURMAT (LOHJOXIDANT 3 E 1 6 . 6 / 1 0 H  FUEL 3 E 1 5 . 6 / ( 1 H  A 6 r 2 E 2 0 . 8 1 1  

R I G H T  ADJUST ELEMENT SYMBOLS 

DO 4 4 7  K = l r L  

ELMTl  K J =AAR S i  241 TMLHJ 

TMLM = A N U ( E L M T ( K )  sU009C T I  
I F  L M  TMLM-CIBLK 1 4 4 7 1  1 4 4 7  9 4 4 7  

ELMT1K J = A A K S ( 6 r  TMLMJ 

I F  ( SY STM( L + L  j I 4 5 3  P 920, 453 
I F  L S Y S T M t L )  1 9 2 1 ~ 4 5 3 , 9 2 1  
DU 449 K = l r L  

TMLM = E L M T t K J  

DATA P 6 G Y C T / 0 7 7 /  

TMLM = E L N T L K J  

CUh T l  NUE 

00 448 J=l,L 
i F  ( L A M T ( K ) - M T S Y S ( J J )  4 4 8 , 4 4 5 , 4 4 8  
CON1 I N  UE 
GU TO 4 5 3  
CON 11 N UE 

C A N i k L  - - -0Ml lS- - -FKUM PREVIOUS PKOBLEM 

DO 1452 J = l , M  
C O t F T l l l r J )  = DMT 
L d E F T 2 4 1 . J )  = UMT 
C O t 6 T ( 1 v J )  = DMT 
I USE= 1 

UU 4 3 9  K z 1 . 1 5  
GU TO 598 

SYSTMt KJ=ELM T (  K J 
L A L L  SEARCH 
I C  ( I U S E - 2 1  600,435,635 

SET ARRAY PKUD TU dYPASS A L L  CONDENSED PHASES 

PROD1 1 J=O.0 
P R O M  2 J=U.O 
lf ( M - 3 5 )  1 9 6 , 1 9 8 , 1 1 9 8  
L F  ( H - 7 G )  199r19911199 
I F  (M-Sc)) 2 0 0 , 2 0 0 ~ 6 3 5  
OATA U O l O C T / 0 3 7 7 7 7 7 7 7 7 7 7 7 /  
PKUDL 2 )=Q Ci lOC T 
OATA 0 0 1 1 C 1 / 0 3 7 7 7 7 7 7 7 7 7 7 7 /  
PRLJD( 3 1 = u 0 1 1 c  T 
TMP=PRI)D( 2) 
PIIUOL 1 J=AARS(M.TMP) 
w TU 2 0 1  
Ml2  = M-35 
DATA U 0 1 2 C  T / 0 3 7 7 7 7 7 7 7 7 7 7 7 /  
PKUOL 3 J=UOlZC.T 
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I I I I I I  . ...... . ......._ , 

THP=PRODI 3J 
PKUDI  2 ) = A A R S I M 1 2  
GU TU 201 

DATA Q O 1 3 C T / 0 3 7 7  
PKUOI 3 ) = 0 0 1 3 C T  
TIW=PRUL)I 3 J  
PROD4 3 ) = A A R S I H l Z  

l u l = i Q  +1 
I il2= I Q i+ 1 
Z 03= i Q i+1 
L l = I O l  
N l = H + 1  

ZUO M 1 2  = M-70 

201 Iu=L 

C 

TMP ) 

7 7 7 7 7 7 7 7 /  

THP 

- 
C U L T t R H i N t  CUNDENSED S P E C I E S  TO BE USED I N  THE F I R S T  I T E R A l I O N  
C 

00 222  J = l * M  
LALL BYPASSI  Jt 1 )  
I F  I I P R O D  - 2J 2 2 1 1 2 2 2 1 2 2 1  

C O t F T 2 I  11 J I=OMIT 
221 C O t F T l I l r J )  = O M I T  

222 CUNTINUE 
C 
C A R K A N 6 t  ANSWER REGION 
c 

1=1 
O i l  602 J = l r N  
ANSI i ) =GOEFT.?( 1 ,  J ) 
ANSI  i t l J = C O E F T 2 I  2.J) 
ANSI  I + 5) =COEF T 2  I 3, J ) 
A N S I i t 3 )  = 0.0 

602 1=1+4 
K=4*N 

6 b 5  i = K + 3 4  
A N S I  i ) = A N S ( K J  
K = K - 1  
I F  I K )  6 5 1 , 6 0 7 9 6 0 5  

6 0 7  DO 609 K z 1 . 3 4  
609 A N S I K )  = 0.0 

00 170G K= 1 s  454 

DO 1701 J = 1 s  1 5  
00 1 7 0 1  K = l r  YO 

1700 A N S L k B I K J  =. A N S I K )  

1 7 0 1  C O t F T I J p K )  = C O E F T l I J , K )  
C 
C D t T t K H I N t  THE: TYPE OF PROBLEM 
C 

700 i f K u L = l  

9u1 i P R D B = l  

9 0 2  i w o n = z  

I F  (MPKOM-MHS) 7 C 5 * 9 0 1 1 7 0 5  

tiU TO 7 1 9  
7 0 5  I f  IMPRUB-MTS) 7 0 7 1 9 0 2 r 7 0 7  

GO TO 7 1 9  
T O 7  I f  I H P K U 8 - H P T I  709,903,709 

903 I P K O B = ~  
GU TO 719 

7 0 9  I F  IMPROB-MTPI 7 1 1 , 9 0 4 * 7 2 1  
Y O 4  I P K U B = 4  

t iU TO 7 1 9  
7LA 1F I M Y R O B - M T J 6 3 1 , 4 2 9 r 6 3 1  

C 
c O t T t K M I N k  THE ASSIGNED VALUES FUR THE PROBLEM 
G 

3b03 CUiUTiNUE 
7 1  9 K E A U I  5 135 JEURAT *OF t F  PCT, PC 9 TC rC V 

3 5  F O K H A T I  7 f  10.5) 
iFIPC.EQ-O.OJGU TO 429 
DEBUG CV 
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9 Y Y 9  I F  ( L P K A T )  7251 725, 7 2 3  
7 2 3  U I-=(- t d K A T * V f M I N - V F P L S ) / (  VXPLStIi'ORA 

I- PCT=lOU.U/( 1 .Ut i l  F 1 
tiU TU 745 

7 2 5  I f  t u  61 7 3 1 r 7 3 1 . 7 2 7  
727 I- PLT=lUO.O/L l .U tO F )  
7 2 9  EdKAT=ADS( LIJ F * V X P L S + V F P L S I / ( U  F+VXM 

G u  TU 7 4 5  
7 3 1  It ( f  PCT)  7 0 U , 7 0 0 1 7 3 3  
7 3 3  U F = ( l O U . t + f  P C T I / I :  PCT 

1,133 I F  t v F M I l u )  7 2 9 .  7 4 6 , 7 2 9  
I F  (0 F )  7 2 9 1 1 7 3 3 1 7 2 9  

145 I F  t i l  F) 7 1 9 1 7 4 6 , 7 4 6  
7 4 6  UU 7 4 7  1=1,L 
7 4 7  dU(II=(U F * O u X l i ) + B O f ( I ) ) / L l . O + ~  F )  

746 HSUtlC=L.U 
I ~ U  TU 755 

1 4 9  H3ULIU=(O f * H X + H F ) / ( l . G + U  F )  

I F  ( i P n 0 U - i )  651,749,748 

+VXMIN) 

N t V f M I N )  I 

7 5 5  N K I T t  ( 6 ,  /bO)KASt,PKUB ,U F , E  P C T I E Q K A T ~ P C P H S U B ~ ~  

760 k U k M A T  ( l t i 1 1 5 , 3 X 1 A b / l H  4!i17.8/LlH 7E17.81 1 
1.L) 

HSUbu=HSUBO/1.9o726 
UU 1 7 7 1  1 = 1, 454 

A 7 7 1  ANS( I )  = ANSLAD( I I 
K Hb =K HU X + U 4- * K  H O t  
I F  (KHIJ) 7 7 2 1 7 7 2 . 7 7 1  

7 7 1  KHU=( 1 .d tU f )*KHUX*KHUF/KHU 
i 7 L  uu L77L I = I, 4 5 4  

1172 Ai \cSLAt ) ( l )  = A N S t I I  
775 It ( I f K O Z )  7 1 7 . 6 5 1 1 7 7 9  
7 1 7  LUNTINUt 
1 7 9  LUiLTINLE 
7 ~ 5  UD 7 1 6  K=1 ,25  

SPCPLK)=U.U 

J A U U I  = K A T 1  
I f R E L =  K A T 2  
IFLHPKUt). tU.MHS) I P K O B = l  
I F L H P ~ ~ d . E W . M i S ) I P K U B = Z  

PLPL 1 J=ZPCP( 11 

716 PCPlK)=O.L; 

UU 4U I=l,JADOI 
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SUBKclUTlNE BYPASS ( J t I A R G )  
C 
C 

U I M t N S I U N  G ( 2 0 1 2 1 1 1  4 ( 1 5 t 9 0 )  t E N ( 9 0 )  t 
U i M t N S I O N  DEL N ( 9 0 ) t  HO(901 t S ( 9 0 )  t 

DIMENSION D E L T A ( 2 O l r  B O ( 1 5 )  t PCP(25)  t PUOO(3) 
OIHENSIUN COEFX(20) t D X ( 2 0 )  I FORM( 1 5  I 
OIMENSION C O E F T l ( l 5 r 9 0 )  t C O E F T 2 ( 1 5 r 9 0 )  
OIHENSIUN ELMTt 151 DATA(23)  t DATUM(31 t 
DIMENSION BOX(15)  t BOF (151 t ANS(454)  t 

DLHENSION L L M T ( 1 5 ) t M T S Y S ( 1 5 ) t M D A T A ( 2 3 )  
I)IMElvSION ANSLAB(454) t COEF T ( 1 5  990) 
DIMENSION M A T O M ( l O l r 3 1  t A T O f l I l O l t 3 )  
COMMON G 
CilMnJN QOOOCM( 7700) 
COMMON C 
EUU I VAL EN CE 
EQUIVALENCE 

c 

EQUIVALENCE 
EUU IVALEN CE 
EQUIVALENCE 
EUU I VAL €N CE 
tUUIVALENCE 
EQU I VALENCE 
EQUIVALENCE 
t Q U  IVALENCE 
t QU I VAL EN CE 
EQUIVALtNCE 
EQ U I VALENCE 
E bIU I VAL EN C E 
EUUIVALENCE 
EQUIVALENCE 
EQU I V  ALtNCE 
EUU I VAL EYCE 
tbIU IVALENCE 
EQUIVALENCE 
€QUI VALENCE 
EULI I VALEN,CE 
EQUIVALENCE 
EQU I V  ALEN CE 
EQUIVALENCE 
EQUIVALENCE 
t U U  I VALEN CE 
EUU IVALEN CE 
EQU I V ALENCE 
EUUI  VALEN CE 
EQUIVALENCE 
EUU 1 V ALEN CE 
EQU 1 V  ALENCE 
€QUI  VALENCE 
EQU I V ALENEE 
tQUIVALENCE 

FORMLA( 181 

EUU I VALENCE 
EQUIVALENCE (KODEt  C ( 1 5 5 9 ) )  I ( K A S f t  

EUU 1 VAL Ehr C E 
EQU IVALENCE 
EUU I V  ALENCE 
EQUIVALENCE 
tUU1VALENC.E 
EUU I VAL EN CE 
EQUIVALENCE 
EUU IVALENCE 
WUIVALENCE 
EQUIVALENCE 
EUU 1 VALENCE 
EUUIVALEN CE 
EQUIVALENCE 
EUUlVALENCE 
EQU I V  ALEY CE 
EQUIVALENCE 
EQUIVALENCE 
€QUI V ALEN CE 
tUUIVALENCE 
EUUIV ALEN CE 
EUU IVALEN CE 
t U U  1 V  ALEN CE 

C ( 1 861 I 
C ( 1 9 5 1 )  
C ( 2 0 4 1 )  
C ( 2 1 3 1 1  
C ( 2 2 2 1 )  
C ( 2 2 4 1 )  
C ( 2 2 6 1 1  
C ( 2 2 7 6 1  
C ( 2 2 7 8 1  
C ( 2 2 8 0 )  
C ( 2 2 8 2 )  
C ( 2 2 8 4 1  
C ( 2 3 1 1 )  
C ( 2 3 1 4 )  
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EQUIVALENCE (IPROB. C ( 2 3 1 6 ) ) .  ( I F I X T ,  C l 2 3 1 7 ) )  
EUUIVALENCE L I H S I  C ( 2 3 1 8 ) )  t ( I C O N 0 1  C ( 2 3 1 9 ) )  
tUUIVALENCE (ISYM, C i 2 3 2 0 1 )  1 ( IPRODs C ( 2 3 2 1 ) )  
EOUIVALENCE (IOIO, C ( 2 3 2 2 ) )  t (LORUM, C ( 2 3 2 3 )  8 
EQUIVALENCE ( I D K W t  C ( Z 3 2 3 ) ) .  (KDRUH, C ( Z 3 2 4 )  1 
EQUIVALENCE (Lt C ( 2 3 2 5 ) )  1 (L1. C ( 2 3 2 6 )  1 
€QUIVALENCE t M ,  C ( 2 3 2 7 ) )  I (His C ( Z 3 2 8 )  I 
tQUIVALENCE (N, C ( 2 3 2 9 ) ) ~  (191 C ( 2 3 3 0 )  1 
EQUIVALENCE (101. C ( Z 3 3 1 ) ) ,  ( 1 9 2 1  C ( 2 3 3 2 ) )  
tQUIVALENCE (193. C i 2 3 3 3 ) ) r  (KMAT, C ( 2 3 3 4 ) )  
EUUIVALtNCE { IMAT,  C ( 2 3 3 5 ) )  1 ( IUSEI C ( 2 3 3 5 )  1 

EQUIVALENCE ( ITAPE,  C 1 2 3 3 8 ) )  9 ( P t  C ( 2 3 3 9 ) )  
EUUIVALENCE (IDEBUGI C ( 2 3 4 0 ) l r  ( IFROZ,  C ( 2 3 4 1 )  1 
tQUIVALENCE ( A (  11 t C 1 2 3 4 2 ) )  t ( A ( 1 3 5 0 )  t C 1 3 6 9 1 ) )  
EQUIVALENCE (COEFT1111 t C ( 3 6 9 2 ) )  9 ( C O E F T l ( 1 3 5 0 )  1 C ( 5 0 4 1 ) )  
EQUIVALENCE (COEFTZ(1)s  C ( 5 0 4 2 ) I  1 ( C O E F T 2 ( 1 3 5 0 ) *  C ( 6 3 9 1 ) )  
EUUIVALENCE LCOEFT(1)1  C ( 6 3 9 2 ) ) r  (COEFT(135O)r  C ( 7 7 4 1 ) )  
tOUIVALENCE (ATOM(1).  C ( 7 7 4 2 ) ) 1  ( A T O H ( 3 0 3 ) r  C ( 3 3 4 4 ) )  
t d U I V A L E N C E  (HATOMLL). C ( 7 7 4 2 ) ) r  (MATOM(333)s C ( B 0 4 4 ) )  
EOUIVALENCE ( P C P ( 1 ) r  C ( 2 2 8 6 ) )  l P C P ( 2 5 ) s  C ( 2 3 1 3 ) )  
EQUIVALENCE (CONSsJFCONS) 9 (MTEMPs TEMP) 

tUUIVALENCE (IAOO, C ( 2 3 3 6 ) l r  (ITNUMB, C L 2 3 3 7 ) )  

C 
C 
c 
C 
C I A K G = 1  MEANS TEST ONLY, IARG=2 MEANS E L I M I N A T E  A SPECIES, IARG=3 
C MEANS ADD ANOTHEK SPECIES 
C 

UATA POOOCT/Ol/ 
CUNS=UOCIOCT 
HLH=J 
AF ( J - 3 5 )  212,102 

102 1F I J - 7 0 )  l t l t l O l  
BYPASS 

!I 1 K = 3  
HLH=J-70 
GU TO 3 

HLH =J - 35 
6U TO 3 

1 K=2 

2 K = l  
3 I F  ( I A K G - 2 1  41517 
4 I P d O 0 = 2  

KLM = 35-MLM 
TtMP = PRODlK)  
T t M P  = ALRSL KLM. TEMP) 
I F  (ijOOL(AND(TEMP,CONS)) ) 1 2 1 1 0 $ 1 2  

11 IPRUO = 1 
bU TU 10 

5 KLH = 35  - MLH 
T t H P  = PKOD(K)  
TEMP = ALRS(KLM,TEHP) 
I F  (BOOL(AND(TEMP 1 C U N S I ) l 1 0 , 6 . 1 0  
DATA P G O l C T / O l /  

6 T tMP =i)KLTEMP sQ001CT) 
PROD(K)  = ALLSLKLM,TEMP) 
I F L H - J  )11,10t10 

I I  I U ~ i = 1 0 2  
IQ~=IP 1 
1u1=19 
IQ = I P - l  
tiu TO 9 

7 KLH = 35  - MLH 
TEMP = PKODLKI 
TEMP = ALKS(KLM,T€MP) 
UATA U 0 0 2 C T / 0 1 /  

111) HTEMP=MTtHP-JFCONS 
1F LijOOL(AND(TEHP ,POOLCT)) ) 1 1 0 ~ 1 0 ~ 1 1 0  

PKODl  K 1 = AL LSL KLM. TEMP) 
I F l H - J  )121.10110 

A21 IO = I O 1  
I Q l = I P 2  
I P 2 = I P  3 
1#3= I O  3+1 

9 CALL S L I T E  (4) 
10  KETURN 

EN 0 
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C 

C 
C 

C 
C 

C 

C 

SUBRUUTINE CORE2 
NEW COMMON 

N t W  COMMON 

COMMJN /KDS/KOK , JAOD I r MNF R s  I CONST 9 I RAMI 12 E I AR 

COMMON/KN 1 / S U 8 1  r S U B 2 t S U 8 3  t Y T t  N L T Y P  r 

COMMDN /KN2/JEAMr I TIME2rOAROX,CONVERrAPE r S A P E t  

COMMON /KN3/KDNT 9 I J N  r SPCP( 2 51 ,KAPPA 9 AWT I OLOAWT v PCP T 
COMMiIN/KM 1 ICOSTHsCD rCDA r TF t d E A T C  r P 2  r T 2  tAMOL2 r V 2 r G A M Z r  

CUMMUN /KM 2/P P 3 P 2  9CV r V 4  t JRA M 

I ROUP ICON t 
2 I F R E L  

2 I T Y P l 5 ) r C O N (  20) r E E X P ( 2 D )  r A K ( 2 0 )  

ZSAP t 1, SAP €2, INUME r P P T  

2 P F I E L D r V O r A O A C  ,QlQO,P3P2 

ENO O F  NEW COMMON 
OIblENSION G ( 2 0 , 2 1 ) 1  A L 1 5 1 9 0 J  t E N 1 9 0 1  s 
O I M t N S I O N  DEL N ( 9 0 )  9 H O ( 9 0 )  9 S L 9 0 )  9 

DIMENSION D E L T A ( Z 0 )  t B O L L S )  t P C P ( 2 5 )  s 
OIMENSIUN C O E F X ( 2 0 )  r U X ( 2 0 )  t FORM( 1 5 )  
DAMENSION C O E F T l ( 1 5 r 9 0 )  3 C O E F T 2 ( 1 5 , 9 0 )  
DIMENSION ELMT( 15 )  9 D A T A ( 2 3 )  9 DATUM(3) t 
D I M E N S I O N  B O X ( 1 5 )  9 B O F ( 1 5 )  r A N S 4 4 5 4 ) r  
U I M E N S I O N  L L M T (  15 )  r M T S Y S ( 1 5 )  oMDATA(23) 
DIMENSIOY A N S L A B ( 4 5 4 )  v C O E F T ( 1 5 r 9 0 )  
OIMENSIDN M A T O M ( l O l t 3 ) t  A T O M ( l O l r 3 )  
UIMENSIOlv MX( 20) (MCOEFT( 15,901 
UIMElvSION MFORMt 151 
REAL L R S  
R€AL L L S  
LUMHdN G 
COMMON QOODCM( 7700) 
C0MML)N C 
t O U  A V A L  EN C t  
EQU I VALEN CE 
EQU I V A L  EN CE 
t Q U I V A L E N C E  
E O U I  VALEY CE 
EQUIVALENCE 
t O U i V A L E N C E  
EQU I VALENCE 
EUU I V A L  EN CE 
EQU I V A L E N C E  
t O U  I V A L t N C t  
EUU I V A L E N C E  
EQU A VALENCE 
EOU I V  A L W C E  
€ Q U I  VALENCE 
EQUIVALENCE 
EOU I V A L E N C E  
EOU I VALENCE 
EQU I V A L E N C E  
EQUIVALEXCE 

EQU I V A L  W C E  
EOU I V ALENCE 
EQJ I VAL EN CE 
t Q U  I V A L E N C k  
EQU I V A L E N  CE 
EQUIVALENCE 
E U U I V A L k N C t  
EQUIVALENCE 
EOU 1 VALENCE 
t O U  I V  ALENCE 
EQU I V ALEN CE 

t O U I V A L t Y C E  
EUUIVALENCE 
t W I  VALENCE 

€ Q U I  VALENCE 
E O U I  VALENCE 

EOU I'VALEN CE 

IG( 1) r 
(ANS( 1) 9 

(HSUM t 

(DLHPT t 
(GAMMA 
( VMACH, 
(VAGI, 
(RHO1 9 

(KHUr 
L T  P i r  
( E P  P i ,  
( T  ETA, 
(ETA 1 9  
(AH ETA, 
( S I G  I t  

(AW SIG,  

( WTMOL, 

EN L N ( 9 D l  
X ( 2 0 )  
PKOOt 3 1 

(OF, G ( 1 5 5 6 ) )  t ( F P C T t  C L 1 5 5 7 ) )  
(EQKAT, C (1558) ) 

EQUIVALENCE (KOOE , C L 1 5 5 9 )  ) 9 L K A S f r  C ( 1 5 6 3 ) )  
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C 
C 

1 

C 

5 5  5 
5 5  7 

55 9 

5 6  1 

5 6 3  

EQUIVALENCE( NF .C I1562 1 1 
EQUIVALENCE 
EQU I V A LENCE 
EQU I VALEN CE 
EUUIV ALENCE 
EQUIVALGVCE 
EUUIVALENCE 
t O U  I VALENCE 
EQUIVALENCE 
EQUIVALENCE 
€QU I V A L  EN CE 
EUUIVALENCE 
€QUI VALENCE 
EQUIV ALE.NCE 
€QU IVALENCE 
E P U l  V ALEN CE 
EUUIVALENCE 
t Q U  I V A L € N C E  
EQU I V ALEN CE 
EOU I V ALENCE 
EQU I V A L  EN C E 
EQUI. VALEN CE 
t QU 1 VALENCE 
EQUIVALENCE 
t Q U I V A L t N C E  
EQUIVALENCE 
EQUIVALENCE 
EQUIVALENCE 
EUU 1 V  ALENCE 
EUU 1 VALENCE 
t U U  I V ALEN CE 
EQrl I V ALEN CE 
EQUIVALENCE 
EQUIVALENCE 
EUU I V A L t N  CE 
W U I V A L E N C E  
€UU IVALEMCE 

t Q U  I V A L t N C E  
€QUI VALENCE 
EQU I V ALEN CE 
EQUIVALENCE 
EQUIVALENCE 
t Q U l V A L E N C E  
E Q U l  V A L  EN CE 
E U U I  V ALENCE 
t U U I V A L E N C E  (KORE, C (  8 0 4 7 )  ) 
EUUIVALENCE 
EUUIVALENCE ( P R O D ( l ) r  C ( 1 5 3 8 ) ) r  ( P R O D ( 3 ) r  C ( 1 5 4 3 ) )  
CUMHUN/AP ElZ/HCCSPCC . S O 0  r Z N 2 t  ZN3 sSAV(3  1 r S A V 1  ( 3 )  

(DLNT.LNT), (  SUH,MSUMl , (BLK~MBLK) , (TMPIMTMP)  r ( M T * B H T )  

OATA 1 J 0 0 0 C T / 0 6 0 6 0 6 0 6 0 6 0 6 0 /  
8HT =Q000CT 
OATA O 0 0 1 C T / 0 2 7 /  
GAS =Q001CT 
DATA QOOZCT/060/  
BLK =QOOZCT 

J R A H = 1  
REWlNO 3 
NO E Q = O  
l T E S T = H l  
S I Z E = l 8 . 5  
I F  (LPHOB-3)  557,563,565 
CLINT IN UE 
P o = P c  
I F  ( T C )  559,559,561 
TC L N =  8.25 
GO TO 4 3 1  
TCLN=ALOGt TC t 
GO TO 431 
Po=Pc 
GO TO 4 3 1  
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5 6 5  T = T C  

C 
C 
C 

4 3  1 

1 5 6 5  
1432 

43 2 

4 3 3  

43 4 
4 3  5 
43 6 
4 3  7 

4 3  8 
4 3  9 

44 1 
4 4 5  
4 4  7 

4 5  5 
4 5 9  
4 6 0  

4 6  5 
4 6  9 
4 7 6  
4 7 3  

C 
C 
C 

C 
C 
C 

1 3  

1 7  
19 
2 1  
23 

1 1 2 3  

25 

1125 

2 7  
2 9  
3 1  

C 
C 
C 

37 

3 8  

39 

I 

I 

I 

PO=O.O 
TLN=ALOG( TJ  

START CALCULATIUN FOR NEW OVERALL COMPOS1 T I O N  

I A 0 0 = 1  
I F  ( I F K U Z )  1 5 6 5 r 3 7 9 . 1 4 3 2  
I F  ( I U S E I  1 4 3 2 1 1 4 3 2 9 4 3 3  
DO 4 3 2  K = l , N  
EN(K )=O.O 
EN LN(K)=O.O 
DkL  NLK)=O.O 
AAY LN=5.0 
CALL S L I T E  1 0 )  
I f  ( I P K O B - 2 )  4 3 5 , 4 4 5 ' 4 3 4  
Ik ( I P R U B - 4 )  4 5 5 , 4 6 5 , 3 7 9  
I F  ( I A D D - 1 )  3 7 9 , 4 3 6 1 4 4 1  
CALL S L I T E  (1) 
T Ll\I=TC L N  

COKE2 

I T R O T = 3  
I F  ( P C P (  IAOD 1 )  2 3 1 9 2 3 1 , 4 3 9  
CALL  S L i T E  ( 4 )  
PO=PC/PCP ( I A O D )  
GU ru 13 
I F  L I A D D - 2 5 )  4 3 8 , 4 3 8 9 2 3 1  
I F  ( A A D D - 1 )  379 ,447 ,441  
C A L L  S L I T E  ( 2 )  
GU TU 4 3 7  
I F  ( I A O U - 2 5 )  4 5 9 , 4 5 9 , 2 3 1  
I F  ( P C P ( I A D D ) )  2 3 1 ~ 2 3 1 , 4 6 0  
T=PCP( I A D O )  
TLiY= ALGG( T i  
GO T J  4 7 3  
I F  ( I A D D - 2 5 )  469,469,231 
I F  ( P C P ( I A D D ) )  231 ,231 ,470  
PO=PCP ( I A O D )  
&ALL  S L I T E  1 2 1  
CALL S L I T E  ( 4 )  

BEGIN CALCULATIONS FUR CURRENT POINT 

P u  LN=AL3G(PO)  

CHECK TEMPERATURE RANGE OF THERMODYNAMIC DATA 

I F  ( I P R O B - 1 )  17 ,17 ,19  

I 6  ( C U E F T ( 7 , 1 ) - T 1  2 1 , 2 7 9 2 7  
I f  ( C O t F T L 7 . 1 ) - 5 0 0 0 . 0 )  2 3 ~ 3 1 , 2 3 1  
DU A 1 2 3  K = l r 1 5  
DO 1 1 2 3  J = 1.90 
C U t k T 1  K p J  J = C O E F T l ( K ,  J )  

T=EXP( T L N )  

CALL S L I T E  ( 4 )  
GU TU 19 
OD 1115  K = lr15 
DO 1 1 2 5  J = l r 9 0  
LOEFT(  K,J )=GUEFT2(K ,J  1 
LALL S L i T E  ( 4 )  
SU TO 19 
I F  ( T - M E F T ( 6 9 1 ) )  2 9 9 3 7 . 3 7  
I F  1 3 0 0 - 0 - C t l E F T [ b i l ) )  2 5 1 3 1 , 2 3 1  
CALL S L I T  ET(  4,KOOOFX) 

TO ( 3 8  t 3 0 5 )  tKOOOFX 60 

: L IMINATE THUSE SPECIES WHICH D O  NOT HAVE DATA I N  T H I S  IN rERVAL 

;ALL SL I T E T 1 4 r  KOOOF X )  
60 TO 1 3 8  1 4 2 )  sKOOOF X 

;ALL S L I T E  1 4 )  
IO 40 J = l r N  
I F  ( C O E F T i 8 r J ) J  40r39r40 
;ALL BYPASS ( J , Z )  
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EN L;Y( JI=O.O 
EN(JI=O.O 

40 CONTINl lE  

C 
C BEGIN I T E R A T I O N  FOR COMPOSITION 
C 

4 2  I Q = i Q  
I Q 1 = I P l  
I Q Z = I  0 2 
I Q 3 = I Q 3  
ITNUMB=30 

CALL BYPASS 
I F  ( IPROD-21 

45 IF ( E N  L N ( J 1  
46 EN(Jl=O.O 

GU TO 4 8  
47 ENLJ)=EXPLEN 
48 CONTINUE 

43 DO 48 J=l ,M 
J s l l  
48.45.48 
S I L E - P O  L N I  46.46.47 

L N I J I J  

I F  1 l P R & - 2 1  49.49951 
49 T=EXP(T L N I  
5 1  AAY-EXPlAAY L N I  

C 
C CALCULATE HEAT CAPACITY 9 ENTHALPY AND ENTROPY 
C 

I F I X T = 3  
CALL S L I T E T ( Z ~ K O O O F X 1  
bO TO ( 52 9 55 I s KOOOF X 

5 2  CALL S L I T E  ( 2 1  
CALL SLITET(4 ,KOOOFXl  

GO TO ( 5 3  955 I 9 KOOOF X 
53 CALL S L I T E  ( 4 1  

I F I X T = l  

54 i F i X T = 2  
5 5  CPSUM=O.O 

I F  ( ITNUMB-301 5 5 ~ 5 4 9 5 5  

DU iA J=l r N  
L A L L  BYPASS ( J t l l  
i e  ( I P H U U - 2 1  60.56r60 

5 6  I F  I I F I X T - 2 1  59.58.57 
5 7 CPbUM=CPSUH+l(  

5 8  

(t UEF T ( 1 2  J l  *T+COEF T (1 1 I J l  J *T+COEFT ( 10. J 1 1 *T+COEFTI  

H O ( J I = ( (  4 l C O E F T ~ 1 Z ~ J J / 5 ~ 0 l * T + C O E F T ~ l l  s J l /4 .O l *T+COEFT (10. J 1 / 3 . 0 1 * 1  

I *T+COEF'T (11 t JI/3.01 *T+COEFT ( 101 J J/2.0 1 *r 

19, J I I * T+COEF T L 8 ,  J I ] *EN ( J I 

A+CUtk T 

A+CU Eb T ( 91 J I I * T +CUEF T ( 8 9 J I * T 

Yr J )/  2.0 l * T  + C O f F  T ( 13 I J I /T+CUEF T (  8 J I 
5 9  S( J I = (  l ( 1 GOEFT( 1 2  J)/4.0 

LN+ COEF T ( 1 4  9 J ) - E  N L N (  J J 
60 CUiNTINUE 

C 
L CONSTRUCT H A T R I X  AND SOLVE THE EQUATIONS 
C 

CALL M A T K I X  
L A L L  S L I T E T l 4 s K O O O F X l  

6U TO(61.1711,KOOOkX 
6 1  CALL S L I T E  ( 4 1  

CALL GAUSS 
I F  ( I D E B U G I  9 1 0 . 8 0 1 9 1 0  

910 UU 911 I = l , I M A T  
911 H R I T E  1 6 ~ 9 i 2 1 1 6 ~ 1 ~ K I ~ K ~ l r K M A T l  .DELTAL11 

L l R i T t  (69912 I 1  X (  I 1  9 I = l , I M A T I  

8 0  I F  I I D i D - I M A T I  81.85981 
b l  1F ( S I Z E - 1 8 - 5 1  8 3 1 8 3 r 3 1 1  
83 SILE=27.5  

GU TO 4 3  
8 5  I T N U N t J = I T N W B - l  

00 87 K = i ~ I M A T  
I F  ( A B S 1  DELTA(K11-0.5E-41 8 7 1 8 7 . 3 1 5  

8 7  CUNTINUE 
C 
C U B T A I N  CORRECTIONS TO THE ESTIMATES 
C 

D LM T = X ( I O 2 1  
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91 
93 
9 5  

9 6  

9 7  

99 
10 1 

i u 3  

10 4 

10 5 

1 0 6  

10 7 
10 9 

5U 1 

91 3 
91 5 

916 

1 9 1 5  
A 9 1 7  

I F  ( I F I X T - 2 )  9 3 , 9 5 1 3 7 9  

UU 101  J = l , M  
CALL BYPASS ( J s 1 )  
IF [ IPROO-21  9 6 , 9 7 9 9 6  

D L N  T=O.O 

OEL N(J I=O.O 
GU TU 101 
DEL N ( J ) = H O ( J ) * D  LN T-HO(J)+SIJI 
DO 99 K = l r L  
DEL N ( J ) = D E L  N L J ) + A ( K s J ) * X ( K )  

I F  L L - 1 0 1  103,109.109 

00 107 K = L l * I O  
CALL BYPASS ( J e l l  
I F  (ZPROD-2)  105,1C6,105 

CUNT INUE 

J - H 1  

UtiL N[J I=O.O 
J=J+1 

D E L  N ( J I = X L K I  
J=J+A 
CONTINUE 
AM BDA = 1.0 
AM 8DA 1 =1.0 

SUM = A B S l X ( I P 1 l )  
tiU TI) 9 1 5  
SUf l=ABS(D L N  1) 

GO ro io4 

I F  L IABS(LNTI-IABS(MX(IP1))) 5 0 1 r 9 1 3 ~ 9 1 3  

00 9 1 7  J=l .M 
I F  [ E N C J ) )  9 1 7 , 1 9 1 5 r 9 1 6  
SUM=AMAXl t DELN 1 J 
GO TD 9 1 7  
i f  [ E N  L 4 i J ) )  9 1 7 9 9 1 7 r 1 9 1 7  
SUHl=ABS( LP0  LN-9.212-EN L N I J I J / D E L  N ( J ) I  
AMBDAl=AM I N 1 (  SUM1 9 AMBDA11 

SUM) 

917 CLlNTlNUE 

110 AHBDA=2.U/SUM 
I F  (SUM-2.0) 1110,1110,110 

1 110 AM B D A = W  I N l l  AMBOA 9 AMBDA 1 I 
920 I F  ( I D E B U G )  9 2 1 , 1 1 1 r 9 2 1  
921 WRITE (6,9Z3)T,P,AAY, AMBDAt ( (COEFT(K ,J )  1 K = l r 3 ) ,  

1N( J ) r U E L  N ( J  ) , H O ( J ) r S l J )  , J = l , N )  
C 
C 

C 
11 1 
113 

1 1 5  
11 7 
1 2  1 

A 2  2 
1 A22 

123 
C 
C 
C 

12 4 
12 5 

A 1 2 4  

2 1 L 5  
1124 

1 2 6  

12 7 
12 8 

APPLY CORRECTIONS TO THE E S T 1  MATES 

00 113 J = l r M  

Af I ICOND-2)  115 ,121 ,375  
DU 1 1 7  J = M l r N  

Elu L a V ( J ) = E N  LN(J )+AMBDA*DEL N ( J )  

EN(J )=EN(J )+AM130A+DtL  N ( J )  
T LN=T L Y  +AI.(BDA*D L N  T 
AAY LN=AAY LN- A M B O A * X ( I Q l )  
CALL SSWTCH66rKOOOFX1 

I F  ( I D E E U G )  1 1 2 2 r 1 2 3 , 1 1 2 2  
GU T O 1  1 2 2 9  124) 9KOOOFX 

iDEBUG=U 
GO TO 2 3 1  
I D € B U G = l  

TEST FOR CONVEKGENCE OF I T E R A T I O N  

I F  ( I T N U H B )  1 2 5 , 1 3 2 9 1 2 5  
I F  ( A N B O A - 1 - 0 1  4 3 r l i 2 4 ~ 2 3 1  
P=lJ.O 
DO 1 1 2 6  J= l ,M  
I F  ( E N  L N t J ) )  2 1 2 5 , 1 1 2 6 ~ 2 1 2 5  
P = P + t X P ( E N  L N (  J ) )  
CUMT 1N UE 
IF LABS( (PO-P) /PO) -0 .5E-5 )  1 2 6 9 1 2 6  943 
sun =P 
I F [  I C O N D - 2 )  127,129,375 
00 1 L 8  J = M l r h l  
SUM=SUM+ABS(EN( J) 1 
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129 00 130 J = 1 1 N  
IF 1J-M) 1 1 2 9 r 1 1 2 9 ~ 1 1 3 0  

1129 IF L AB S1 EN1 J )*DEL N( J ) /SUM) -0- 5E-5)  1 3 0  9 130 1 4 3  
1130 I F  LA6SIL)EL N (  JJ /SUM)-0 .5€-5)  1 3 0 ~ 1 3 0 . 4 3  
130 CONTINUE 
132 CALL S L I T E T L 4 t K O O O f X )  

GU T O (  1 3 3 1 1 3 3 )  tKUOOFX 
1 3 3  GU TO 13 

C 
C E L I M I N A T E  THOSE S P E C I E S  WITH NO OATA AT T H I S  TEMPERATJRE1 ADD 
C T H U S t  WlTH OATA AT T H I S  TEMPERATUKE 
C 

142 DO 1 7 0  Jx1.N 
IF LMCOEFTl 1 r J  I-MTJ 1 7 0 ~ 5 0 0 1 1 7 0  

143 IF ( T - U ) t F T L 4 v J J + 1 0 0 . 0 J  2 9 5 ~ 1 4 4 r 1 4 4  
2 8 5  I F  ( 5 0 0 0 . 0 - C O E F T t 5 s J ) )  1 4 4 r 1 4 4 ~ 3 0 1  
2 9 5  A f  1 L O t f T ( 4 r J ) - 3 0 0 . 1 ~ )  1441144r301 
14'4 I f  1J-M)  1 4 5 . 1 4 5 1 1 4 6  

5 0 d  IF ( c O E F T ( 5 , J )  + 100.0-TI 285,143.143 

145 CALL BYPASS (J13) 1 GO TU 1 7 0  

ENLJJ=O.O 
t i \  LNL J j = O . 0  
O t L  N(J)=O.O 
GU TO 1 7 0  

301 L A L L  BYPASS (J.2) 

146 I F  ( t N ( J ) )  1 4 7 r 1 4 8 ~ 1 7 0  

14 7 EN( J J  =C.O 
OtL N(J)=O.O 
L A L L  BYPASS ( J 1 2 )  
bU TO 42 

C 
C S K l P  CUNUENSATIUN CHECK IF T I S  HIGHEK THAN MELTING POINT MHEN 

C 
C T ~ S T I N G  SOLID. OR LUWEK THAN MELTING POINT WHEN TESTING L I c t u I o  

148 I F  ( L O E F T L 4 r J ) - C O E F T L 5 1 J - l ) )  1 5 0 r 1 4 9 r 1 5 0  
149 I F  ( C O E F T ( ~ I J ) - T )  1 5 3 r 1 5 9 r 1 7 0  
1 5 0  I F  ( L U E f T  ( 5 1  JJ-COEFT (41  J+1) ) l S 3 r 1 5 1 1 1 5 3  
151 AF ( T - C O t F T L 5 , J J  J 1 5 3 1 1 5 3 . 1 7 0  

L 
C CHtCK FOK CONDENSATION 
c IF  HURE THAN ONE CONDENSED PHASE OF ANY SPECIES CAN E X I S T  T H E  
C P H A S t  STA6LE A T  THE HIGHER TEMPERATUKk MUST PRECEEO THAT STABLE A T  
c T t l t  L O k H  TEMPtRATURE ON M A S E R  TAPE 
C 

1>3 DO 15s K z 2 . 3  

OO 1 5 4  I = l , O  
TMPzAAKSL 30, SUM) 
SUH=AALS( 6rSUM) 
IF (HTMP-MBLK)  1541 1 5 6 1 1 5 4  

SUM=CO tf I (K, J 1 

1 5 4  L U N T I N U E  
1 5 5  LONTlNUt 

K = 3  
1=5 
till TO 159 

150  1 s I - L  

1 3 7  K = 2  
I F  L A )  1 5 7 . 1 5 8 . 1 5 9  

I = 5  
ti0 TO 1 5 9  

1 5 8  K=Z 
i=6 

1 5 9  FL)KU( 2J=COEFTL2,J) 
F U K H l 3  J=CUkFT( 31 J)  
I = 6 * L  
J J = 4 2 -  1 
1 = i  
JJ=JJ 
SUM = W R M l K J  
SUM =AARS( J J. SUM) 
M J J = J J - 6  
TMLJ = FURMLKJ 
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T N L J  
UJ J = j6-1 
S U H l = A L L S  ( MJ J s 6A S ) 
TEHP=ALRSdJJ,SUMlJ 

~ U ~ M l K J = A L L S ( M J J , S U U )  
UU 160 K = l r M  
i F (k i f  OAM L 2 J -MCOEF T t 2 K 1 ), 160, 11 60 160 

= ALH S ( M J J TUL J ) 

M J J = 4 2 - I  

l i b 0  I F  (4YFORM ( 3)-UCOEFT( 3 ,K 1 1 160.162 ,160 
1 6 U  C U N T l N U t  

CALL BYPASS (J.3) 
GU TU 170 

162 CALL BYPASS I K , l J  
It (LPROU-Z)  1 7 0 , 1 6 3 r 1 7 0  

Ad3 HtJ)LJ)=((  ( (COtFT(12,J)/5.0)+T+COEFT~ll , J ) /4 .D)*T+COtFT(  10, J ) / 3 .0 ) *1  
A+CUkFT (Ys  J )/2.0)+ T 

1 + C O t F  T d YI J 1 J*  T+COEFT 1 8 

+ C O t F  T( 13 I J) /T+COEFT (8 J) 
S ( J J = l ( l  ( C U E F T ( l Z r J ) / 4 . 0  

I F  L H O I J ) - S (  J ) - H O l K ) + S ( K ) )  164,164,170 

) * T + C U k F T L 1 1  sJ)/3.0) *T+COEFT (10,J ) / 2 . O ) * T  
J) * 1 LN+COEF T (14 s J 1 

164 CALL t)YPASS (J .3 )  
EN[ J J =L.O 
ti0 TU 4 2  

170 CUNTINUE 
C 
C IF CUMPOSITION I U S  D t E N  CORRECTLY DETERMINED CALCULATE T H E  
i E P U i L  I B R I U M  P R O P t R T i e S .  OTHERLIiSE CONTINUE I T E R A T I O N  
C 

CALL S L I T t T ( 4 e K O U U F X )  
bU T O L l l 7 0 r 1 1 7 2 J  sKbO0FX 

1 1 7 0  CALL S L i T E  (4) 
GO TO 4 2  

1 1 7 2  I F  L i T h U M B )  4 2 , 9 7 1 r 4 2  
9 7 1  UMl TE (6, 9 7 3  J IAOU 

ti0 TU 4 2  
C 
L CALCULATE E U U I L I B R I  UM PROPERTI ES 
C 

A71 DO 1171  I = 1 . 4 5 4  
1 1 7 1  A N S ( 1 J  = A N S L A B ( i )  

W TMLjL = AA Y /P 
HSUM=G I I U L  t I U 1  J*T/AA Y 

W l M 3  JZ1.N 
CALL BYPASS (Jw1) 
i f  ( I P K U U - 2 )  183,181,183 

ssun=o.o 

18 A SSUH=S S U M  +S ( J ) + t N  ( J ) 
183 CUNTINUE 

A183 SSUH=SSUU /AAY 
I H A T = i M A T - l  
CALL t iAJSS 

A72 CPK=CPSUM/AAY 
tiANMA=CPK / ( C PR- ( l . O / Y  TMUL ) 
DLM TP = c. 0 
UL HP T = 0.0 
GU TU 185 

1 7 4  DLHTP=X( i Q 1 l  

I F  L I D I O - I M A T )  1 7 2 s 1 7 4 , 1 7 2  

i t  ( AbSLULHTP)-27  e5 J 1174, 1174.172 

DO 175 J = l r I P l  
1 7 5  CPK=LPR-G ( i 4 2 .  J)*XL J l  

1114 CPA=~,( i a 2 . i ~ ~ )  

CPK=CP R/A A Y 
A17 5 IMAT= I M A T - 1  

CALL GAUSS 
DL MP T = 6.0 
00 179 Jz1.L 
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l r(5 

I d  7 
l a b  

1 A  188 
188 

4 1 G l  

C 
C 
C 

19 1 
4U02 

I F  ( i P K O d - 2 1  186*1861207 
i f  1 l A D O - 2 1  1 8 7 * 1 9 1 ~ 1 9 7  
WTHUL C=YTHUL 
l C = T  
PC=P 
HC=HSUH 
bO=SSUH 
PCC = PC 
HCL = HC 
suo = so 
LN~=YTMUL 
IPKUd S=IPRUB 
i F i I K A H . E U . O l G 0  TO 188 
If(JKAA.EQ.O)GO TO ill88 
i P K U b =  1 
C A L L  CoMb 
Go TO 433 
I P K U B = I P K U B  S 
T P I=-oLH TP/ 1 WTHUL*CPR I 
TEM 1=V4/  32. 2 
T t T A  = 1000.0 / 1 CPR* TC* 1.98726 I 
ZN;r=l  t TA 
1 SI(;=-( l . IrOLHTPJ/1WTEU3L*CPR) 

AWT=I 86.4579*11 / (AAY*14.696006*TEM 1) 
GU TU 207 

CHkLK FUK CUNVtRGENCE AT THROAT 

1ELKUK.NE.OIGO TU 197 
U H S l A K = 1  HC-HSUH+V4+*2/1.7Y223EO5) *CV**2 

i F l K O K J  4 1 0 1 ~ 2 0 7 ~ 4 1 U l  

L-GAHHA*T/ i 2. w ~ T M U L  I 
1 i At3 S1 UHSTAK/1  HL+V4**2/1.79223€+05-HSUH) I - 0 .4E-04  I 

1 Y j  P L P i L  I =PLP(L  1/11.0+2. U*OHSTAR*WTMOL/ 1T+1GAHHA+1.01 I I 

197 * 1971 192 
IY2 i f (  I T R U T )  193s 1 4 7 r l Y 3  

PU=PC/PCP ( IAOO I 
i T K U T = I T K O T - l  
if I i U E B U G )  9 2 9 ~ 1 9 4 ~ 9 2 9  
WK I T t 

bli TU 13 

92 9 
194 LALL S L i T t  14) 

1 61923 JUHSTAR 9 HC t H  SUH r PCP I i ADD) 

C 
c L A L L U L A T t  PEKFORMANCt PARAHETEKS 
C 

1 9 7  L U N T l N L t  
1 9 7 7  

Z L O l  
LO 1 

22UL 

20 3 

SP M P  = SUR T ( 172.91 78* (HL-H SUM) +V4**2*9* 6447 E-4 I 

KHUL=RW*SP IMP 
SUM=T/ 1 Z .  U*( HL-HSUM I I 
P I I =  S LM4 1 WT MOL- W I f lULC ) / ( W T MOL* WTHULC ) 
t 1 A  I =SUM * L TL- i J / 1 TC* T* 1.98 726 ) 41 000.0 

!*CV 

SSSH = T / I L . U * l H C  - HSUH +V4**2*5.57YbSE-6) I 
SlG I = SSSM/idTMOL 
X Pi=( 1L hTHULC-wTMOL 1 /WTHOLC)-DLHTPJ /(WTHUL*CPR) 
T t TA=AVbO.O/(CPR*TL* 1 .Y87L61 
T S ib=-11- U-DLMTP) / 4 WTMOL*CPR) 
AW=186 .4579*T) / lAAY* l4 .696CIU&*SP I M P 1  
AM P I = -  111.O-UL~TPJ/1LJTHOLC*CPKJ+1~O/GAMHA+Pi I 1  
Ar l  t T A = T  E lA* I l .O-OLMTP)-LTA 1 
BY 3IG=l.O/GAHHA-SIb i 
I f i l I A O D - 2 I  L U 3 r l L O l r L 0 3  

I F I K U K )  L i 0 2 1 L O 1 ~ 2 2 0 2  
AYl=AW 
P i p  T=PCPLL)  

CSTKPi=l .O+AW P i  
3 T K  t T A = A k  t T A  

AHT PA=AW P i  
A w l  t T A = A k  t T A  
AYT 5 i L = A \ Y  Slb 
I F 1  IKAH.td.0 JGU TU 22203 
3 P N t T  1.0 Of- * S P I H P  86.4* 1.0-PFIELO/P * T /  SPIHP*WTWOL -YU*O 

L S T A H = ~ ~ .  174+PC*l4.&9600b*AWT 

3113 biG=iJ.O 
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IF* 1.U LOA / X . 2  
CF=64.4*SPNt T*AUAC*UAUO/ ( VU*DF ) 
GIA TU A A ~ i 1 3  

L Z L O ~  CUrvTINLE 
i A L O 3  CirNTlNUE 

AR A T i 0  =Aw /A WT 
VACI=SP IHP+P*14.696006*AU 
I t 4  iKAM.Ed.Aj VAC1=&.4*L l.O+OF) * P F l  t L D * T /  

24 ?*Y TMGA* SP I M P  J + S P M  T 

iu 7 

C 
L 
i 

2LJ 9 
il A 
i A 3  
L A  5 

L A 7  
LA 8 
L A  S 

22 U 

C 

L 
L 

ALZ 1 

LL 2 

LUIJULJ 

ZOLOA 

L l b U G  

2 1 L O Z  

L f  1 1HAM.tO. 0 )CF=32. A / W V A C  1 /CSTAH 
KHUVAC =KHO*VOL 1 
Vfl ACH =SP IMP /SUKT I 8  6.457Y*bAMMA*T/ hTMOL) 
t P  P l = A U  PI-AWT P I  
EP tTA=AW E T A - A h 1  t T A  
t P  SIL=AAw S i b - A U T  S I b  
S A V = A w l  P i  
S A V ~ L ) = A ~ J T  t T A  
SAVLd)=AYT SIG 
HSUM=HSUM*l. S 6  7 1 6  
S S U M = S S U M * A . ~ I ~ T Z ~  
LP=CPK*A. 5 8 7 2 6  

UBTAIIU CuMPi)SiTIOlu I N  MOL€ F R A C T I O N S  

SUN=P 
I t  (ACONU-2) L C 9 r L l 3 r 3 7 5  
W Z L A  J = M l r N  

UU LA5 J = l r N  

IC LAPRUtl-2) L17,217rlLU 

I F  ( 1 A O D - 2 )  2 2 0 1 2 1 9 ~ 2 1 9  

bUH=bUM+tN4J)  

A N L L 4 + J + 3 4 ) = E N i J ) / S U f l  

nlY 5 1 I ) =P C P I 1 ADD J 

AN SL A 5 )=C STAR 

A N S I 2  4 1 =C STKP I 
A N b L L 9 l = S T K  t T A  
ANS(34)=STK S I G  
At \SL2)+  
A N S I 3 )  =T 
IC: lRAt4 .EU. A S P I N Y  = S P N E l  
h = 34+ 4*N 

P A I N T  UUT T H t  CALCUAATtD ANSWERS 

i f  I I O E t l U t i J  1121,22211221 
HK I TE (6,22A J LANS4 I J r I = A  s K )  
LO ru 2223 
IFlMNFH.tU.1JGU TO 1 1 2 3 7  
U K I T t l 3 )  4ANS4 I ) * 1 = 1 1 4 5 4 J  
I t 4  I kL IK .EU.0 I  .ANU. 
1FlMNFk.tU.U)GIA TU 2000 
I f (  4 h N ~ K . L T . O ) . A N D . 4 I F K t L . E U . I A D D )  JGO T U  1 1 2 3 7  
l ~ i M l l f K . t L ! . - l ) G l . l  TO 2 0 J O  
ik L CON VEK . tu. 1.0 1 GU TO 2 000 
AFLIADAJ.~L!.UONT)GU TO 2 0 1 ~ 1 0  
tiU TU iUUG 
I F [  ~ J N  .lit . ~ ) G u  ro 2t,uc,i 
KOlUT=&UN T + l  
I J N = i  
CALL AAEU 
i t  i L U N  VER .EU . l . O ) G U  TO L A O 0 0  
PCP L 1 A LO+ 1) =SAP t 
GU TU iGCG 
luO t L! =N O t U  - 1 
IAL)U= IAUD-1 
BAbKSPACt  3 
UU L A O L A  I=ULINTtJAOOI  
I F  L S A P t  .GT. SPCP ( 1 ) )  GO TO L l O O 2  
PCP ( 1 )  = S A P t  
I F K k L  = I 
J A U U I  = J A O D l  + 1 

P C P I  1 )=SPCP(  1 J  

LAOl3.fiU.L) I PPT=P 

cio ru ZUUG 
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23.3 I F  t I D t B U G J  378 .234 .378  
2 3 4  L U N T I N U t  
2 3 5  IF L IPKUB-2 )  2 3 7 . 2 3 7 . 2 3 9  
~ 3 7  i F t n i w H . E i i . o ) ~ o  TO 2 3 ~  

1 1 2 3 7  CALL CORi53 
k k T  UX N 

L A L L  COKk5 
KETUKN 

23Y WkiTt (3) LG( 1 1  1). i = l , t 1 0 4 4 )  

C 
C t H K U t i  P K I N T  UUT 
i 

3 0 5  v J K l T t  ( 6 ~ 3 0 0 ) T ~ I A U D  

3U7 16 ( T - 2 O O . O )  1 3 L Y . 3 0 8 r 3 U 8  
I f  (*O(.&.b-T) 3G9.3U7.307 

3UL1 c;U TO 1 4 2  
l J U 9  I F  t A A L i D - l b  3 0 5 , 1 3 1 6 . 3 0 9  
1 3 1 0  I F  (APKOb-2)  1 3 1 1 r 3 G Y . 3 0 9  
1 3 1 1  I F  1 A T t S T - N )  1 3 1 2 1 1 3 1 2 . 3 0 9  
A322 DU 1 3 1 3  J = I T t S T . N  

L A L L  B Y P A S S t J . 1 )  
I F  11PkOU-2) i 3 1 5 r 1 3 1 3 . 1 3 1 3  

A j l . 3  LUNTINUE 
(;u TU N 9  

1 3 1 5  ITthT=J+l  
CALL BYPASS( J.3) 
W TU 5 5 5  

3Li9 IADU=2C 
L A L L  S L I T  E J I 4 1  K W U F  X 1 

bU T U t 4 L s 4 Z ) r K U U O F X  
311 W R I T t  t 6 . 3 1 2 ) I H A T . I U I D  

tiu To 375 
3 1 5  u u i T t  L 6 . 3 1 6 1  

377 i D t B U G = i  
3 7 5  I f  L I U t B U G J  2 3 1 . 3 7 7 . 2 3 1  

If L IPROB-3)  1 3 7 7 . 5 5 5 . 5 5 5  

w TU 5 3 5  

b A L k S P A C t  3 
K t T U K N  

3 7 9  R t L J i M O  4 
STUP 

1 3 7 7  PL=PC* 1 4 . 6 9 0 0 0 6  

3 7 9  WRITE t 3 ) ( G t i i l ) r I = l r 8 0 4 4 4  

SA2 FUKHAT t t i t 1 4 . 6 )  

4 7 3  fUKHAT ( 7 C H L 3 0  I T k K A T I U N S  D I D  NOT S 
YL3 FORMAT t 4E25.  a/[ 1 XI 3 A 6  .5E 15.6) 1 

1 Fur4 Thk P U I N T  1 5 )  
T I S F Y  CONV R ENCE REQUIREMENT 

4(rO 1 tURHAT L 1HG 9 L4HCUMB 0 1 HPULSE =GZO. 8/ 1 X s A5HCUMB. MACH NO -=G20 8 1 

, 
~~. . . . 

22 A F L) KMA T t AH /// /5E20 .  M / 5 E  2U. 8/  5E2U. 8 / 4 E 2 0  11/5EZO 8 /  5 E 2 0  8/  5 €20.  a / / /  
1 t 3( 7 X , j A 6 . f 8 . 5 ) )  i 

l U I N T  1 5 )  
306 f d K H A T  I 1 7 H L T H E  TEMYEKATURE=€12.4r34H KI I S  OUT OF RANGE FOR THE P 

3 1 2  FUKHAT t / l 5 H l T K I t D  TU SOLVt  I 3 r 2 2 H  EQUAT~ONSI E L I M I N A T E D  13) 
310 FUHMAT L /47HARESIDUALS FROM SUBRUUTINe GAUSS EXCEED 0.5E-4J 

kr\r U 
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1 1 1 l l l l l l l 1  I l l 1  I 1  I 

61 
6L  

w 0 

1 b  

A 1  

1 L  
50 

5 1  

20u 

i b  1 

44 
5 

9 

$UBHUUTlNE CUMP 

OUIPUTS CUMYUSI  JILIN 

B i A M S l D N  
UlMENSION AMOL L 13.90) 
UiMENSlUN FMJL4J tJEML41 

CUMMUN C 
CUMMUN QUUOCHL 77b0) 
CUMMUN C 
EUUIVALtNCE 4AMOLtLJt CL9268) )  t LAHOL11170)t  C ( 1 0 4 3 7 J J  
EUUlVALtNCE (NAkAt C(1768)  J t  LIht C ( 8 0 4 6 ) J  
tQU1VAL"CE AMEt CL1769) 1 t LNt C(2329J I 
EUUIYALENCt LTITLkL1). CL8055) )  t L T I T L E L 3 1 5 ) t  C L 8 3 6 9 ) J  
EQUIVALENCE tMTITLE(1J  s C(8055J8 t LMTITLEL315)s C18369JJ  
t i lU IVALENCt  AUMlTtNOMI T) 

T I T L E  L3t105) r I O H l T L 1 0 5  J t I L E S S ( 1 0 5 J  

UintcusIUN n T i T L E  ~3,105) 

1 WKMAT ( lX*2A6rZXt13FY.5)  
3 FUKMAT (1HuP 11tJHAODITIUNAL PRODUCTS YHICH YERE CONSIOERED BUT bl 

i t iu i t  M U L ~  FRACJIUNS YERE LESS THAN o.ooooo5 FUR ALL ASSIGNED CONDI 
Z T I U N S / / )  

l LALLULATiUNS/ /J  
4 FURMAT L l H O .  59HPROUUCTS YHICH YERE INTtNJ lONALLY O M I T T E D  FROM 

UATA ~ L G 0 C T / 0 4 6 4 4 3 1 6 3 6 0 6 0 /  
Ut4 i T = d  CbOC T 
UATU OLOlCT/O600007677 j02 /  
TEMLAJ -0u01CT 
UAIA ULOZCT/O600306677302/ 

UATA UC03CT/O60C604677302/ 
T EM 1 3 ) =Ob 032 T 
UATA U104CT/O60A102677302/ 
T E M  1 4 ) +iG 0 4C T 
UATA OCU,CT/07401302u7360/ 
F M T L l J  SQbOSC T 
UA TU U Lb6C T / O 2  106 7326103 3/ 
FMTL 3 1 =Ub 06C T 
OATA U L07C T/033460 606060/ 

K=O 
KK=4 
IUH=0 
iLE=O 
IFLMt-  1)61.60p 61 
YHATt (6.44) 
1 i = o  
UU 9 A = l p N  

I F  ( M T  ITLEL i t I )-MOM1 TJ 10.100t10 

i I )NiTL AOUJ=I 
GU TU 9 
UU 11 J=l.IN 
I F  L ANULLJ * I )  -. 5E-05) 11 t 1.2 t 12 

T t E i L  L I =at,ozc T 

mi L 4 J =au o 7~ r 

i w = i o n + i  
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I 

bUt3KUUTlNE LlNCk ( N t H )  
C 
C UUTPUTS U U D  PKUUUCTS 
L 
c 

DlMENSIUN M( 1 0 5 4 t T I T L E  ( 3 r L G 5 1  rTEM(1CIJ t F M T ( 3 )  
LUHMuN C 
LUHFIUN QUCCCM( 77UGJ 

t U U I V A L E N C E  t T i T L E ( 1 ) t  C ( 8 0 5 5 ) J t  ( T I T L t ( 3 1 5 ) t  C ( 8 3 6 9 ) )  
W K I T E  L6. , l )  
UATA P C i i U C T / 0 7 4 C 1 3 0 L U 7 ~ 6 U /  
k N T (  1 ) =UCOOC T 
UATA U COlC T/OL106346O606U/  
FM T ( 3 ) =Ub 0 1c T 
UATA U CULC T / U 6 0 6 0 U 1 6 7 7 3 0 L /  
CEHlAJ=UOOZCT 
O A l A  U L 0 3 C T / O b U U 1 0 4 6 7 7 3 0 2 /  
TEN L 2 J =dG OX T 
UATA O C b 4 C T / U 6 0 0 2 0 7 6 7 7 3 0 2 /  
T kN 1 3 1 =UL (I X T 
UATA U C05C T / U 6 G L 4 0 0 6 7 7 N 2 /  
T E M ( 4 ) = O b C X T  
DATA L1 CUbC T / O b C 0 5 0 3 6 7 7 3 0 2 /  
T E N (  !J) =UbOM; T 

T t M  L 6 1 = Q ~ I  0 7L T 
U A T A  0 Cbt3CT/06007116  7 7 3 0 2 /  
T t M l  7 J =U(rO&C T 
UATA U C U 9 C T / U 6 ~ 1 1 C ~ 6 7 7 3 0 2 /  
TCM(d)=QGC9CT 
UATA U C l u C T / U l  OOi,56773OZ/ 
r t M  4 9 1 =Uu 1UC T 
DATA U C l l C T / O l O l l U b ? 7 3 ( r 2 /  
T t N (  1U I = U U i l C T  
K = U  
K K = l U  
DO 11, 1 = 1 t N  
J=M(  I ) 
I F l l - K K )  L O s L U t 2 1  

c LLlHMUN C 

U B T A  ~ c ~ 7 i r / u ~ 0 ~ 6 ~ ~ ~ 7 7 3 0 2 ~  

LU K = K + 1  

21 K = l  
GU TU 5 

KK=KK+ 10 
r i K A T t  L 6 s l J  

1 FLihMAT (1H J 
5 F H T l L ) = T k M L h J  

W t 4 i T t  
10 LONTINUE 

K t T U K N  
t N  D 

(6, FHT ) T I T L E  ( 2 .  .I), TITLE:  ( 3  .Jl 
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EUUIVAL€NCE 
t U U I V A L E N C E  
EOU I VALEN CE 

EQUiVALENCE 
EUUIVAL€N CE 
EU U 1 V A L €EuC E 
E u u i V A L U Y C E  
EUU I V  ALEN CE 
t p U  1 V ALEN CE 
EUU I V ALEk CE 
tOUiVALENCE 
E Q J I V  ALENCE 
EUU I V  ALEN CE 
EQUIVALENCE 
t U U  I VALEN C t  
EUUIVALUVCE 
EdUIVALENCE 
EUUiVALENCE 
EuUIVALENCE 
t U U I  VALEN CE 
t U U 1  VALENCE 
t LlU I V ALEN CE 
t W I V A L E N  LE 
kO U 1 V A L  EN C E 
EUU I VALEN CE 
t U U I V A L E N C E  
EclUlV AL€NCk 
t UU I V ALEN CE 
E U U i V A L U v C t  
EUU i VALEN CE 
t u U I V A L W C E  
€QUI  V A L t N C t  
I iUUIVALENCE 
EQU AVALENCE 
EUUiVALENCk 

EUU IVALENCE 

E U U i V A L t N C t  (KODE 
EUUIVALENCE (KLINTt 
t Q U  i VALEN CE 
t U U i V  ALEIUCE 
EQUIVALENCE 
t U U I V A L E N C E  
EUU I VAL EN CE 
EOU I V A L t N  CE 
t Ucl I V A L  EN C E 
tUUIVALE luCE 
E W  IVALElV CE 
E u  U 1 V A L  t N  CE 
t U U  I V A A t N  CE 
t U U  I V AL EN CE 
EQUIVALENCE 
t U U  I V A L E N  CE 
EQUIVALENCE 
EOUAVALENCt 
EUUIV A L t N  CE 
EclU I V  ALEN CE 
t d U I V A L W C E  
EuUAVALENCE 
kPUIVALENCE 
EOU I V  ALEN CE 
EQUIVALENCE 
t r U I V A L t N C t  
EUU I VAL EN C E 
t c lU IVALENCE 
E U J I V A L t N C E  
t U U  i V A L  EN C t 
t u  U A VAL t N  CE 
tuu I V  ALENCE 
EUU I VAL kN CE 

t u U i V A L E N C E  
EUUIVALENC* 
EU u A V A L  EN C E 

E U U 1 V A L L 1  C E 

(NU, 
(NOEcl, 
(BOX( 1 
( B O F ( 1  
LHXt 
(VXPLS 
t VFPLS 
LEI\ L N  
(DEL  N 

C L 1 5 5 9 ) l  (KASE. C 1 1 5 6 0 1 )  
C ( 1 5 6 1 1 )  t ( N F t  C( 1 5 6 2  

C ( 1 5 6 3 J )  (NE, C( 1 5 6 4  
C t 1 5 6 5 )  I 
p C L 1 7 7 1 1 1  9 ( 8 O X L 1 5 l r  C ( 1 7 8 5  
t C ( 1 7 8 6 ) )  9 ( B O F ( 1 5 ) r  C ( 1 8 3 0  

C L l t l O l ) )  t LHFI C(A832 
C ( 1 8 0 3 ) )  t (VXMIN,  C ( 1 8 0 4  
C ( 1 8 0 5 ) I  (VFMINI  C t  1 8 3 6  

C ( Z G 4 1 )  
C ( 2 1 3 1 )  
C ( 2 2 2 1 )  
C ( 2 2 4 1 )  
C ( 2 2 6 1 1  
C (22 7 6 )  
C ( 2 2 7 8 )  
C ( 2 2 8 0 )  
C (2282) 

C ( 2 2 8 5 1  
C ( 2 3 1 0 )  
C (  2 3 1 3  8 
C ( 2 3 1 5 1  
C ( 2 3 1 7 )  
c ( 2 3 1 9  I 
C ( 2 3 2 1 1  
C ( 2 3 2 3 )  
C ( 2  3 2 4  1 
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cQUIVALENCE ( IOEBUGt  C (23401 I t ( I F K U Z t  C ( 2 3 4 1 1  I 
E 4 U I V A L t P i C t  ( A (  1 1  s C ( 2 3 4 2 1 ) r  ( A l 1 3 5 0 l r  C ( 3 6 9 1 1 1  
E U U A V A L t N C t  ( C U t F T l ( A 1  t C ( 3 6 9 2 I I  t ( C O E F T l ( 1 3 5 0 1  t C ( 5 0 4 1 1 1  
kUUIVALENCE ( L L I E F T Z L ~ I ~  C t 5 0 4 2 1 1  t ( C O E F T 2 ( 1 3 5 0 l r  C 1 6 3 9 1 1 )  
tb l tJ IVALENCE L C O E F T ( l 1 t  C ( 6 3 9 2 ) l  t ( C O E F T ( 1 3 5 0 l t  C 1 7 7 4 1 1  I 
EblUIVALEIYCE LATOH(11 t C ( 7 7 4 2 1  1 s  ( A T O H ( 3 0 3 )  9 C ( 8 0 4 4 ) I  
t b l U l V A L E N C t  L M A T O M ( 1 l t  C ( 7 7 4 2 ) l  t L H A T O N ( 3 3 3 l r  C ( B O 4 4 1 1  
t U U I  VALkN CE 
t Q U I V A L E N C E  (GAStHGAS) t I S O L t M S O L 1  rlBLIOtMLIUlt(6LPNtHLPNl 
t U U l V A L E b C E  ~ C 1 O ~ H C 1 O l ~ ~ P L S ~ ~ P L S l  t ( S Y H B L s H B L 1  r ( B H I N t M M 1 N )  
t U U I V A L E N G t  ( T M P l r  MTMP11 

( C  12 t HM) t ( E  I Hk I s (END t HEN0 I t 1 B L K t  H B L K I  9 l RPN t HKPN I 

C 
C 
G 
c 

UATA Q 0 4 0 C T / 0 6 0 /  
bLK=UO0OC T 
UATA Q L 0 1 C T / 0 3 4 /  
RPN=UOClC T 

UATA (400LCT/074 /  
dLPN= bl u02C T 
DATA U 0 0 3 C T / O 2 7 /  
GAS=Uu03LT 
UATA U C 0 4 C T / 0 6 2 /  
SUL-QO04C T 
UATA U b 0 5 C T / 0 4 3 /  
8L I U = 0 0 0 5 C T  
DATA Q 0 0 6 C T / 0 2 0 /  
P L  S=P 0 0 6 L  T 
UATA b l C 0 7 C T / 0 4 i ~ /  
BHIN=QOU7CT 
DATA UCGMCT/025/ 
t=OuO 8CT 
0 A T A bl L 0 9 C  T /D2  54524 606 06 O/ 
ENU=UOC9C T 
UATA QG10CT/O12/  

DATA i) G l l C  T/O 14OOOOOO/ 
C l l = 0 0 1 1 C T  
UATA 0 O l Z C T / U l L 0 0 0 0 0 0 /  
CF 10=Q 012C T 

ciu=uoioc r 

C 
C 

K I U N =  2 
W 1 K = l r L  
I F  I L L M T 1 K I - H E I  1,211 

A LUNTANUE 
GO TU 3 

2 K I O N = l  
TtMP=ELHT ( K l  
t L M T ( K l = k L M T ( L l  
t L M T (  L ]=TEMP 

H=O 
UU 4 J z l t 1 5  
uc) 4 K = l * Y 0  
L U t F T Z L J t K l  = 0.0 

4 C O E F T A ( J t K )  = 0.0 
00 6 J=1.1350 

6 A L J s A I  = 0.0 
H t W l N D  4 

7 R E A 0  ( 4 1 ( O A T A ~ l l t I = 1 t 2 3 1  
AF l H O A T A ( 1 ~ - H E N ~ l  9 0 0 t 1 7 1 t 9 U O  

3 1SDL=d  

C 
c UNPACK T H t  BCO FORMULA FOR THE PRODUCT 
C 

900 W 16 l=lr2 
A 6  UATUM( I I = D A T A L  I I 

J=A 

13 K=O 
1 7  T H P l  = D A T U H L I I  

1 = A  

F O K M L A L J I  = A A K S ( 3 0 r T M P l )  
DATUM ( I l = A A L S ( 6 r T M P l  I 
J=J+L 
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IF  ( K - 4 )  4 2 5 1 9 2 5 r 2 1  
9 2 5  K = . K + l  

GU TU 17 
2 1  I F L I - 1 1  9 2 6 , 9 2 6 ~ 2 5  

Y2b  i = I * l  
w) ru 13 

C 
C B t C l N  SEARCH FOR F i K S T  NUN BLANK ALPHANUMERIC CHARACTER 
C 

25 J = l Z  
2 9  J=J 

I F  (MMLAt J l - M B L K I  3 5 , 9 5 0 ~ 3 5  
9 5 0  I F  (J-1) 3 0 r 3 0 , 9 5 1  
9 5 1  J = J-1 

6U TO 2 9  
30 L iAATt  ~ 6 ~ 3 1 l ~ O A T A ~ I l r I = 1 ~ 3 ~  
31  FUKMAr ( i 4 H  THE T-URMULA 3A6,33H I S  INCOKRECT ON THE MASTER TAPE) 

~ i r  ru 7 
3 5  i f  (MMLA(  J l - M R P N I  3 0 , 9 5 2 ~ 3 0  

9 5 2  J = J -1  
I f  (PIMLAL JI -MGAS) 9 5 3 1 3 9 1 9 5 3  

5 5 3  i f  (MMLALJJ-HSOL) 9 5 4 9 4 1 , 9 5 4  
S 5 4  1 F  (NULA(  J l - M L I O )  3 0 . 4 1 ~ 3 0  
39 i r r P t = i  

GU ro 47 
4 1  I T Y P E = Z  
4 7  J=J-A 

9 5 5  J=J-I 
I f  (MHLALJ I -MLPN)  3 0 r 9 5 5 r 3 0  

C 
C U B T A I N  AND STURt  T H t  FUKMULA NUMBERS A ( K , J I  
C 

DO 4 8  K=1 ,15  
4 8  fURM(K)=O.O 
5 1  

5 5  
5 7  

5 9  
45 8 

6 3  

6 7  
O Y  

9 3  G 
33 3 

9 5  Y 
7 3  
7 7 

a 1  

85 
9 6 0  

86 
89  

93 

9 5  
96 

9 7 0  

9 7  
9 7 5  

NL SY= 1 
NUMB=O 
ICIUT-0 
JCIUT=J-ICNT 
IF L J C N T I  3 0 ~ 8 1 r 5 9  
if  LMMLA(  JCNTJ - M C l O l  9 5 8 . 6 7 9 6 7  
60 TU (63,83),NLSW 
ICIUT= I u r  + 1  
tiU TO 57 
bU TU (69 .63J rNLSW 
I F  t I C N T I  959 ,330 ,959  
i F ( K I U I Y - 1  I30 1 3 3 3 1  3 0  
NL SW=2 
~ r )  rO 57 
i k  I I C N T - 2 1  7 7 , 7 3 1 3 0  
NUM8 = MMLA(J -11  * 10 
NUAtj=NbUB+MMLAt J l  
V A L U t  = NUMB 
J = J - I C N T  
NLSW=2 
GU TO 5 5  
ti0 TU (30,851,NLSW 

I F  ( I C N T I  Y 6 0 r 3 C p 9 6 0  
SYMbL = 0.0 
i F ( N U M 8 1 d b r Y 5 ~ 8 6  
I F  ( I C N T - 2 )  9 3 , 8 9 9 3 0  
T t4P l  = F J R M L A ( J - 1 1  

MBL = MBL + HULA( J)  
SYMBL = A A L  S( 6 1  TUP1 I 

tio ro i u 7  
I F (  J C N T l 3 0 r 3 0 r 9 6  
I F  LMMLAt J l - M P L S I  9 7 1 9 7 0 1 9 7  
FUdMt L I=- ICN T 
GU TO 109 
I f  (MHLA( J J - M M l N I  1 0 7 , 9 7 5 , 1 0 7  
FURMIL l = i C N T  

101 Gi, TO 109 
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1 0 7  DO 111 K = l , L  

111 C U N T l N U t  

105 t-OhH( K )=VALUE 
109 J = J - I C N T  

1F i M B L - L L M T I K ) J  l A l r 1 0 5 ~ 1 1 1  

61) TU 7 

I F  I J l  3 0 ~ 1 2 l r 5 1  
121 L F  ( I T Y P E - 1 )  30r133.137 
133 M = M + i  

J =M 
60 TU 145 

1 3 7  J = 9 & I S D L  
A S U A = i S O L + l  

145 W 147 K = l r L  

1 4 7  LUiUTlNUE 
A1K.J j = t U R M ( K )  

C 
C A K A A h G t  THERMUUYNAMIC DATA I N  CORE ORDERED BY INTERVAL 
C 

1 5 1  ir=(r 
T t M P  = D A T A i 1 )  
D A T A ( 1 )  = D A T A L 3 )  
D A T A ( 3 )  = DATAL23 
D A T A L L )  = r E w  
W 155 K a 1 . 5  

DO 159 K z 6 . 1 4  
1 5 5  CUEFT1LK.J)  = D A T A ( K )  

K I T =  K + I T  

I T = I T + 4  
001955 K=1,5 

1 5 9  L U k k T l L K s J )  = D A T A L K I T )  

1Y55 C O E t T 2 L K . J )  = D A T A t K )  
OOlSSY h=6.14 

K I T  = K + I T  

W TO 7 
1959 C U E F T L ( h r J )  = U A T A L K I T )  

C 
C GO i o  N t X T  MOLECULE 
C 
C 
C E L  I M l N A T E  GAP BETWEEN GASES A N 0  CONDENSED PHASES 

C 
A 7 1  i*=M+I SOL 

I U S E = l  
1 7 3  I f  ( N - 9 0 )  175.225.181 
175 I F  ( I S U L )  1 7 7 ~ 2 2 5 ~ 1 8 4  
1 i 7  I U S E = 2  

tiu TO 2 2 s  
181 W K l T €  L b t l 8 L l  
182 tUKMAT ( 4 5 H  TOO MANY R E A C T I O N  PRODUCTS FOUND ON THE TAPE)  

I U S 6 = 2  
GU TO 225 

i n 4  KK = ~GISOL 

HJ = H+J 
K J  = K K  + J 
DO i n 6  K J 1.15 

UU 186 J = A I  I S O L  

186 C I 3 E F T l L K i M J )  = C O E F T l ( K * K J I  
DO 185 J = l r I S O L  
M J  = M+J 
K J  = K h  + J 
00 1 8 5  K = 1.15 

01) LA9 J = l r I S O L  
18 5 COEF T 2  LKI M J  j = COEFT2 (KI K J )  

HJ=M+J 
K J  = K K  +J 
00 LA7 K z 1 . 1 5  
A L K p H J I  = A L K s K J l  

217 CUNTlNUE 
LA9 CUhrTINUE 

225 RETURN 
GO TO 225 

END 
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S TE XT ' S H I F T  

ENTKY 
ENTKY 
ENTRY 
ENTHY 

B INARY LAUD (NOT PUNCHED) 
0b0U0 0500 6 0  4 00003 10000 AARS CLA* 
00001 0621 00.0 01002 10011 STA 
uO0b2 4500 60  4 00004 10000 CAL* 
uuu03 
uGub4 
0b0U5 
uOuu6 
G b U U  7 
00010 
duo1 1 
UbU12 
0uu13 
Ob014 
0U0l5 
30016 
( ~ 0 0 1 7  
0uu20 
G002 1 
00u22 

0771 00 0 00000 
4130 00 G G O O 0 0  
0131 C)G 0 130000 
0020 0c 4 00UOl 
0500 6G 4 0 ~ 0 0 3  
0621 00 0 01002 
4500 6 0  4 00004 
0767 00 0 00000 
4130 00 0 00000 
0131 00 0 00000 
0020 O C  4 00001 
0500 40 4 00003 
0621 00 0 01003 
4500 6C 4 00004 
0560 0 C  0 00040 
0765 00 0 00000 

BINAUY CARD (NOT PUNCHED) 
00023 4600 0C 0 00040 
UUUL4 4130 00 0 00000 
0UOL5 0131 00  U 00000 
uuU26 0020 OC 4 0 G 0 0 1  
UUOL7 0500 bO 4 00003 

0 0 ~ 3 1  4500 6 0  4 00004 
30032 0560  00 0 00040 
OW33 0763 OG 0 000G0 
0UU34 4600 00 0 00040 
00035 4130 00  0 00000 
U0U36 0131 0U 0 00G00 
OU037 0020  00 4 00001 
(rUU40 G O 0 ~ U O G O ( r 0 0 0  

00030 0621 uc o 01003 

10000 
10000 
10000 
10000 
10000 
10011 
10000 
1 0000 
1 uo00 
10000 
1 000G 
10000 
10011 
10000 
10001 
10000 

AKS 
xc L 
XCA 
I R A  

AALS CLA*  
STA 
GAL* 
ALS 
xc L 
XCA 
TRA 

ALRS CLA* 
STA 
CAL* 
LOU 
LRS 

10001 
10000 
10000 
10000 
10000 A L L S  
10011 
10000 
10001 
10000 
10001 
10000 
100GO 
10000 
10000 TEMP 

ST 4 
XCL 
XCA 
TRA 
CLA* 
STA 
GAL* 
LDQ 
L L S  
ST u 
xc L 
XCA 
TRA 
UCT 

0uo00 01111 END 
C W T R O L  D I C T I O N A R Y  

O C D I C T  S H I F T  

B I N A K Y  CAKO (NOT PUNCHED) 
000041 COO000 
U00U04000005 
623031266360 
GO0041000000 
2 121 51 626060 
OGOOOOOOOOOO 
212143626060 
u O ~ O G O 0 0 u O O 7  
214351626060 
C100000000016 
2143436260b0 
0 C40000G0b27 

AARS 
AALS 
ALRS 
ALLS 

394 
*+2 
4 r 4  ** 

1 r 4  
3 r 4  
*+2 
494 ** 

1.4 
314 
*+3 
494 
T E n P  ** 

T E n P  

1 r 4  
3 r 4  
*+3 
4r4  
r E n P  ** 
TEMP 

1 r4 

PREFACE START=O 9 LENGT H=3 39 T V  PE=7094, CNPL X = 5  

SHIFT  OECK LOC=O rLENGTH=33 

AARS REAL LLlC=O rLENGTH=O 

AALS REAL LOG= 7 r L ENGT H=O 

ALRS REAL LOC= 16 r L ENGT H=O 

A L L S  REAL LOC=27 L ENGT H=O 
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SUBRUUTINE SPEC 
C 
C O U l P U T S  FUEL AN0 OXIDANT FROM SUBROUTINE INPUT 
C 
C 

UIMENSION A ( l 5 r 4 6 ) 1 T t H ( 5 1  rANAME151 sELMT(151  
U I M E N S I U N  I I ( 5 )  
LOHMUN C 
CUMMON POOOCM(77001 

t U U I V A L W C E  (KONTs C ( 1 7 6 3 )  I 
EUUIVALENCE (1. C L 1 7 6 4 J J r  ( M r C ( 1 7 6 5 1 1  
E U U I V A L W C E  ( A ( l k r  C ( t 1 5 7 8 l ) n  ( A ( 6 9 0 1  t C ( 9 2 6 7 1 1  
t U U I V A L t N C t  (ELMT(11 ,  C ( 1 8 0 7 1  1 9  ( E L M T ( l 5 J r  C(1821Jl 

C LUMMuN C 

5 5  FOKMAT 4 1 O X p  4HFUEL I 
66 FURCIAT ( 1 0 x 1  7HOXIDANT) 

I F  LM 121112 
1 W H I T E  (61661 

L;i) TO 3 
2 n u i r k  (6.55) 
3 K-0 
W 11 J = l r 1 5  
K K = i + M  
1I-i A t  J s h K )  J 1 2 s  111 12 

TEhLK l=AL  J g K K l  
12 K = K + 1  

ANAM€( KJ=ELMT(  J ) 
1 I L K I =TEM I r( I 

11 L O N T I N U E  
I f ( K U N T ) Z 1 $ 2 O s 2 1  

FIJRMAT ( A H + #  1 8 X 1 5 ( A 2 .  I2 p 5 X )  1 
20 WRATt ( 6 s  4 ) ( A N A H t ( l ) r I I  ( 1  1 , I = l  tKJ 

4 
GO TU 13 

L1 WRITE ( 6 . 5 ) I A N A M E ( I J 1 T E M ( I )  r I = l . K J  
5 kL)KMAT ( l H + r 1 8 X 1 5 L A Z r F 8 . 5 , 3 X J  I 

13 KETUKN 
t N  0 

SUBKUUTINE i N P U T  

CUMMdIU/AP E L l / L N l  
CUMMU N /ATOMS /ATEM ( 10 1 1 3 I 

c 
C 

O I M t N S I O N  A 6 ( 1 2 )  
OIMtIUSIUN TELMT(A51 
OIMEIUSION G L 2 0 1 2 A I  1 A L 1 5 9 4 6 1  9 E N ( 9 0 )  s 
D I M E N S I U N  OtL N ( 9 O ) r  HO(9OJ 1 S t 9 0 1  1 

OIhEtdSlON OELTALZOI  1 B O ( 1 5 1  P C P ( 2 5 1 1  
U I M t N S I O N  CUEFX(ZO1 1 O X ( 2 0 1  9 FOKM(151 

UiHEtdSION ELMT( 151 ,  0 A T A ( 2 3 J r  DATUMI31 9 

U I H t N S I O N  C O E f T l ( 1 5 ~ 9 0 1  9 C U E f T 2 ( 1 5 . 9 0 )  

OAMEIkSiUN BOXL151. B O F ( 1 5 1  1 ANS(4541 .  
0 lMEh 5 IOlv 
D 1M EN S ION 
D I M E h S I O N  M A T O C I t l O l r 3 1  1 A T U M ( l O l r 3 1  
UIMENS ION MANAME ( 5 )  s ANAME ( 5 )  ANUM(51 

L L M T  ( 151 1 HTSY S t 1 5  ) tMDATA ( 2 3 )  
AN SLAB ( 454 I 1 COEF T ( 1 5 190 k 

CUMMCIN G 
COMMON QOOOC 

EUUIVALEH CE 
t uU1 V ALEN CE 
EQUIVALENCE 
E Q U i V  ALEN CE 
t Q U I  VALEN CE 
EUU I V A L  EN C E 
€ Q U I  VALENCE 
EQUIVALENCE 
EUU IVALENCE 
EQUIVALENCE 

l. CIJMMON C 
;M( 7 7 0 0 1  

EN L N (  
X I  20) 
PROD( 3 

FORMLA 
S Y S T M l  
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tQUIVALENCE 
EUU I V  ALEN C E 
tQU iVALENCE 
EQUiVALENCk 
EUUIVALENCE 
EOU I V AL EN CE 
EUUIV A L &  CE 
EbiU I V A L EN C t 
kUU 1 VALENCE 
€ Q U I  VALENCE 
EQUIVALENCE 
EQ U I V A L  EN CE 
EqU I V ALENCE 
EQJIVALENCE 
EQU I VALkNCE 
EUU IVALENCE 

E P U  I V A L  EN C E 
€QUI VALENCE 

EQU I V ALEN CE 
EQUIVALENCE 
t P U I V  A L t N  C t  

E Q u i V A L W C E  

t U u I  VALENCE 

EO U I V A LEN CE 
kUu 1VALENCE 
EOU 1 V ALkN CE 

C t 1 5 5 8 1  I 
tUUIVALENCE (KODE, C I  1 5 5 9 ) )  9 ( K A S E t  C ( A 5 6 0 )  1 
EQUIVALENCE l K U N T t  C L 1 5 6 A ) l  t (NFI C( A562  I I 
EUJIVALENCE (NU, C 1 1 5 6 3 ) I  t (NE. C ( A 5 6 4 1 )  
EOUIVALENCE I N O E U I  C L 1565)) 
tUUIVALENCE (KO, C ( A 7 6 3 )  I 
t t J b l V A L t N C E  LBOX(A1, C ( A 7 7 1 1 1 t  ( B O X ( 1 5 1 ,  C ( A 7 8 5 ) l  
t P U I V A L E N C E  (BOF (1) I CIA 7 8 6 )  i t L B O F ( l 5 l t  C (  1 8 0 0  1 1  
tu01 VALENCE (HX t C ~ A 8 0 1 1 1  I ( H F t  C ( 1 8 0 2 1 )  
EUUIVALENCE t VXPLS I C ( A 8 0 3 ) )  t ( V X H I N t  C (  1 8 0 4 )  I 
t U U i V A L E N C E  ( V F P L S t  C L 1 8 0 5 1 )  t ( V F H I N t  C ( 1 8 0 6 ) I  
E U U I V A L W C E  t TELMTt A I t C ( 1 8 0 7 1  I 9 ( T E L M T l l 5  ) t C ( 1 8 2 1 1  I 
EUUIVALENCE 
k U u i V A L E N C E  
kUULVALUUCE 
EbiUIVALENCE 
kOUIVALkNCE 
E U U I  V ALEN CE 
t Q U  I V  ALEN CE 
tUUIVALENCE 
t O U I V A L E N  CE 
EUUIVALENCE 
t4UI VALENCE 
tQUIVALENCE 
EU U I V ALEN CE 
EUU I VAL EN CE 
EOU I V  ALUv CE 
E ~ ~ V A L E N C E  
t U u  I V A L k N C E  
EUU 1 VALENCE 
EQU I V ALENCE 
t Qu I V A 1  EkC E 
EUUIVALENCE 
I 3 U I V A L E N  CE 
EUU I V ALEh CE 
kUU I VAL EN C E 
EUtJ I V A L l i N C t  
t U U I V A L E k C E  
Eclu I V ALkNCk 
EUU I V ALEN CE 
EQUi  VALEN C E 
kUU I V ALE& C E 
EQUIVALENCE 
t Q U  i V A LEN C E 
EPU IVALEN CE 
t O U 1  VALEN CE 
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E U U I V A L E N C E ( A l 1 J t  C ( 8 5 7 8 1 )  t ( A 1 6 9 0 1  t C ( 9 2 6 7 )  I 
EUUIVALENCE [MANAME I 1  J *ANAM€( 1 J I t 1 MANAME ( 5 1  s ANAM€( 5 1  I 

C 
C 
C 
C SUBROUTINE TO COMPUTE .PROPELLANTS 

ZN 1=0. (1. 

C' 

DATA U GOOC T / 0 4 6 6 0 6 0 6 0 6 0 6 0 /  
0 X=UU 0 OC T 
I F ( J E A N - 1 2 2 I 5 l r 5 0 1 5 1  

DO 5UOG I = l t l O l  
UU 5 0 0 0  J = l t 3  

5 0 0 0  ATOM( I tJ l = A T t W  ( I t J l  

5 1  CUNTINUE 

5 0  DO 52 I = l r 1 ! 1  
DATA Q b 0 l C  T/000000/ 
ELMTI 1 J=UUOlCT 
&OF( I J =O 
dux( i I =o 
OIJ 52 J z l . 4 6  
A I  i r J  l = O  

5 2  CONTINUE 
TUTAL=G.O 
NF=0  
NU=O 
NE=O 
WKITE (6 .4UOI  

KEAU ( 5 r 2 l A 6  
H K I T E  l b , Z I A 6  

2 kURMAT ( 1 L A 6 1  

400 FUKMATLBHL I N P U T / / )  

WRITE ( 6 9 3 )  
3  FURMAT(lHJ~58X,lOHPERCENT W T t l O H  ENTHALPYt7X*4HTEMPt7X17HDENSITY) 

t [ ANAMEl I 100 K E A 0  (59  1 1  t N T H 9  TEMP, DENS. ETHR .DEN t PECWT 
11 t AkUM ( I I t I = l t  4 1  

1 FUKMAT( jF10 .5  ~ 2 A l ~ k 8 . 5 r 4 L A 2  .Fa. 51 I 
IF(ANUM(l ) . tQ.O.O) GO TO 200 

9 9  WKITE ~ 6 r 4 0 2 l ~ A N A H E ~ I l r A N U M ( I f  t I = l t 5 1  rPECWTtENTHtDENt  TEMPtETHRtD 
1EN 5 

4 0 2  FURMAT ( 1 X t 1, ( A 2  9 1 X t F  7  41 2 X I  tF 8.4.2 X t F 9 -  2 9 2 Xv A 1  t 2x9 F 8 -  3 9 2X 9 

l A l t  3 X  9 F8.5) 
ou 9 I = l r 5  

A F L € T  HK-O X I A 1 t 10 t A 1 
9 TLiTAL=TOTAL+ANUM( I I 

1C NO=NU+l  
LNA=LN l+ENTH 
KK =NU 
KKk=Nu 
NN=31 
60 T i l  1 2  

11 N f = N F + l  
U K =N E + 15 
KKK=NF 
NN = 3 2  

1 2  00 Y d  J z l . 5  

96 DO 3 1  I = l r 1 5  
l F ( A N U M 4 J l l  96.97.96 

i F L A N A M E ( J l - t L H T ( I l 1  2 1 t L O t 2 1  
2 U  NrlUT=O 
3 3  u r = i  

GO TO 30 
21 lFIELMT(Il1 3 1 ~ 1 2 9 3 1  
2 2  U H T (  I )=LINAME(J l  

N t = N t + l  
NHUT= 1 
GO TO 33 

3 1  CONTINUE 
\ 30 i F ( N H U T J 1 4 . 1 5 . 1 4  

1 4  00 16 I = l r l O l  
IF l f i A T U H ( I p  l ) -MANAME( J l  I 16917.16 
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1 7  II=A 
GO TO 18 

1 6  CONTlNUE 
WRITE ( 6 9  199) 

L = - 1  
kE lUKr4  

18 A1NEr 3 7 ) = A T U M ( 1 1  1 2 )  
AL lv t .  38)=ATOM( I1 13) 

1 5  ALKT,KK)=ANUH(J) 

97 

A99 FORMAT (32HO THERE I S  A BAD PROPELLANT CARD) 

9 8  CUNTiNUE 
A( KKK 1 "4) =€NTH 
A t  KKK rNN+ZJ=PECWT 
A t  KKK 1 NN+4)=DENS 
A (  KKK 1 NN+AO)=DEN 
AA KK& , NN+ 12 =T€MP 
A( l (K&rNN+14)=ETHR 
c;O TO 100 

2 0 0  i F l N t )  2 0 2 . 2 0 1 1 2 0 2  
2 0 1  L " O  

RETURN 
2 0 2  J S A N = 2 U  

wx=o  
w F = o  
HX=O 
HF=O 
RHOX=O 
RHOt=O 
VI(PLS=G 
VXMIN=O 
VFPLS=C 
v i W I N = o  
ACX=(r 
ACI-=O 
AHX=O 
AMF=O 
DO552 J = l  *NU 
DO552 I Z l r N E  

DU 53 J=A,NF 
00 5 3  i = A # N E  

53 A( J 9 40 )=A 1 J s  4 0 ) + A  t I 1 3 7  ) * A t  I 1 J + A 5 )  
AF ( N U )  1 0 0 O t l O O l r l O O O  

5 4  HX=HX+AI 1.31 )*A (1~33) / A (  1139) 

552 A L J * 3 9 I = A ( J , 3 9 J + A ( I  r 3 7 ) * A ( I  r J  I 

1000 00 5 5 0  I = l v N O  

550 Y X = W X + A ( I 9 3 3 1  
1001 I F  ( N F J  1 0 0 2 9 1 0 0 3  
I O 0 2  DO 5 5 1  I = l r N f  

Hfi =HF *A (  I 1 3 2  1 * A  ( 1 5 5 

5 5 1  WF=WF+A( Is34 )  
A G O 3  16 ( N O )  1 0 0 4 r 1 0 0 5  
1 0 0 4  DO 42 I = l r N L 1  

ACX=AC X+A I 1, 35 )*A 

ACX=AC X/W X 
AMX=WX/AMX 

4 2  A M X = A M X + A I I 9 3 3 ) / 8  

1 6 0 2  

3 4 ) / A ( I  9 4 0 )  

1005 I F  ( N F )  1 0 0 6 . 1 0 0 7 r 1 0 0 6  
1 6 0 6  00 43 i = l r N F  

ACF=ACF+A ( i r  36)*A ( 1.34) /A t I 9 4 0 1  
AMF=AMF+A t 1. 34) /A ( 1140) 4 3  
ACF=AC F / Y F  
AM F=d F /AM F 

1 0 0 7  I F  1 0 2 0 ~ 1 0 2 1 r 1 0 2 0  
1 0 2 0  HI(=HX/WX 
i 0 Z A  I F  t w F )  1 0 2 2 1 1 0 2 3 1 1 0 2 2  
1 0 2 2  HF =HF/WF 
A023 DO 63 I = l s N O  

I F ( A ( I ~ 3 5 ) 1 6 0 ~ 7 1 r 6 0  
60 RHUX=RMX+AlXt33)/A(Ir35) 

RHu X= W X/K Ho X 
73 W 61  i = l r N F  

IF4 A( I .36 J J 6 1 9  7 1 1 6 1  
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6 1  K H i l F = R H O F + A ( I r 3 4 J / A I I t 3 6 J  
K HI3 F= W F/ R HOF 
tiu TO 7 4  

7 1  HHUX = 0.0 
7 2  RHOF = 0.0 
74 I F  ( N O J  1008,A009~1008 

l o o &  DO 37 I = l , N E  
w) 56 J=lrNO 
BOX [ I J =&OX t I )+A( I , J J*A I J s 33 J /A ( J s3 9) 56 

5 7  a u n I l J = B O X ( I ) / W X  
1009 I F  ( N F )  1 0 1 O ~ l 0 l l , 1 0 1 0  
1010 UU 5Y l = l r N E  

DO 56 J=l,NF 
dOF( 1 1  =BOFI I ) + A I 1  ,J+ iSJ*AL J134J / A I  J ,4OJ 58 

5 9  BOF I 1 1  =BOF( I ) / L F  
1011 00 62 l = l r N E  

I F (  A( I ~ 3 8  J J 63, 62 t 64 
64 V X P L S = ~ X P L S t B O X l i l * A I I  ~38) 
67 V F P L S = V F P L S + B O F ( I ) * A t I  ,381 

6 3  V X H I k = V X H I N + B O X l  I J * A l I r 3 8 )  
66  V f H i N = V F H  IN+BOFd I)*AII,38J 

ti0 TU 62 

62 CUNTINUE 
I F  (wx) i o 3 o r i ~ 3 i , i o 3 o  

1030 01) 4U I = l r N U  
40 A ( I , 3 3 ) = A ( 1 , 3 3 ) / W X  

1031 1F I YF J 1040,1050~ 1040 
AC40 00 1 0 4 1  I =  1,NF 
A041 A t I , 3 4 J = A l  1,34J/WF 

C 
C SAVE t L E H E N T  ARRAY FOR CORE 4 
C 

1 0 5 U  DO 2000 1=1.15 

LO00 T E L M T I I )  = E L H T I I )  
L = N E  
TUTAL= AMODI TOTAL, 1.0) 
i F ( T U T A L )  A14.?.1143.1142 

1142 K D = A  

1143 K O = O  
KETURN 

K t T U R N  
t N  0 

S I  BFTC tiAUS S 

S W K U U T I N E  GAUSS 
C 
c 
C SUBRDUTINE GAUSS SOLVES ANY L I N E A R  SET OF UP TO TWENTY EQUATIONS, 
C BY I T E R A T I O N  IF NkCESSAHY 
C 
C FORTRAN Hi lN ITOR UNDtR NORMAL OPERATING CONDITIONS H I L L  TAKE CARE 
C O F  OVEH'UNDER FLOW 
C 

UIMENSION G 2 0 ~ 2 1  , A 15990 t E N  90 s EN L N  90 
OIHElvSIUlv  DEL N YO H O  90 t S 90 x 20 
O l H t N S I O F 1  DELTA 20 t BO 1 5  , PCP 25 s PRO0 3 
OIMENSLUN COEFX 20 s DX 20 P FORM 15 
DIHElvSION CLI€FTA 15.90 C M F T 2  1 5 9 9 0  
OIHENSZON E L H T  1 5  DATA 23 9 DATUM 3 FORMLA 18 
DIHElvSION BOX A 5  8 O F  15 * ANS 454 9 SYSTH 15 
O I H E N S I O N  L L H T  1 5  r H T S Y S  15  rHDATA 23 
OIMENSION ANSLAb 454 v COEFT l 5 t Y O  
OIHENSION MATOM 1 0 1 ~ 3  ATOM 10193 
O i M E k S I O N  DKUM 20.21 
LUHMUN G 
COMMUN UOOOCH 7700 
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C COMMJN C 
k W 1  V AL W CE 
t Q U I  V A L  EN CE 
EOU I V  ALENCE 
EQUIVALENCE 
EdU I VALEN CE 
kOUIVALENCE 
k Q U I  VALENCE 
EQ U I V A L EN C E 
EQU I VALENCE 
EQUIVALENCE 
EUUIVALENCE 
EOUAVALWCE 
EUUiVALENCE 
EUU I V  ALEN CE 
EQUIVALENCE 
EQUIVALENCE 
EOU I VALENCE 
EOU i V ALEN C E  
EUUIVALENCE 
idu I V A L t N C E  
E U U I V A L U r C E  
EQUIVALENCE 
tOu IVALENCE 
EQUIVALENCE 
EOUI  VALENCE 
t Q U i V  ALENCE 
EQU I V ALEN CE 
t i l U  I V ALEN CE 
EOU 1 V  ALENCE 
EQ U I V AL EN C E 
EQUIVALENCE 

EUUIVALENCE 
E Q U I V A L t N C E  
EQUIVALENCE 
EUUIVALENCE 
t O U i V A L E N C t  
EUU 1 V  ALENCE 
t U U l V A A E N C E  
EQU I V A L t N C t  
E U U I V A L t N C t  
t i l U  I VALENCE 
EUU I V ALEN C E  
EOU XV ALENCE 
t d U 1  VALENCE 
EUUXVALtNC€ 
t OU I VAL EN C E 
EUU I V A L  EN CE 
t U U I V A L E N C E  
EOU I V A L  EN C E 
EPU 1 V ALEN CE 
t Q U l V  A L  t N  CE 
EQUIVALENCE 
EUUIVALENCE 
E d U i V A L t h C E  
t Q U I V A L E N C E  
t O U I V A L E N C E  
EOU I V ALENCE 
t U U I V A L E N C E  
E 4 U l V A L E N C E  
EuU 1 V AL W C E  
EdU I V A LEN CE 
EUU I V  A L  t N  CE 
tc lU  1 VALENCE 
t Q U l  VALEN CE 
E U u i V A L E N C E  
EQU I VALENCE 
t U U  i V AL  EN CE 
EOUIVALENCE 
EQUIVALENCE 
E U U I V A L t N C E  
tQU1VALENCE 

G l t  
ANS 1 9 

HSUMI 
YTMOL , 
OLMP T t 

VHACH 9 

VACi  , 
RHO1 9 

RHO t 
T P I ,  
EP P I ,  
T ETA, 
ETA 1 1  
AH kTA,  
SIG 1 1  
AW SIG, 

GAMMA, 

C l  t 
C 421 , 

C 424 n 
C 426 , 
C 428 9 

C 430  9 

C 432 t 
c 434 , 
c 437 , 
c 439  
C 440 s 
C 442 9 

c 445 
C 446 
c 448 , 
C 451 
c 453 

G 420 , 
ANS 454 , 

SSUM, 
CP, 
DLMTP, 
ARAT i  0 s  
SP IMP, 
CF t 
RHOVAC t 

P i  I ,  
AW P l r  

EP ETA, 
T S i G r  
E P  SIGI 

C 420 
c 874 
C 425 
C 427 
C 429 
C 431 

C 436 
c 438 

C 441 
c 443 

c 447 
C 450 
C 452 

c 433  

ANSLAB 1 s C 875 ANSLAB 454 t C 1328 
FORH 1 9 C 1329 , FORM 15 9 C 1343 
ELHT 1 9 C 1344 , ELMT 15 C 1358 
LAHT 1 , C 1344 , LLMT 15 v C 1358 
DATA 1 C 1359 DATA 23 9 C 1381 
MDATA 1 * C 1359 9 N A T A  23 s C 1381 
EN 1 , 
ISYS,  
ACXt  
AMXI 
nmx, 
CUEF x 
ox 1 , 
FORMLA 

MMLA 1 
PROD 1 
SYSTM 

C 1382 9 EN 90 t 

C 1472 t JEAN, 
C 1474 t ACF, 

C 1476 , AMF. 
C 1478 s RHOF. 

v C 1480 C O E F X  
C 1500 9 DX 2 0  s 

1 9 C 1520 p FORMLA 

C 1471 
C 1473 

C 1475 
C 1477 

C 1479 
20 9 C 1499 

18 C 1537 
C 1519 

9 C 1520 MMLA 18 9 C 1537 
t C 1538 t PROD 3 C 1540 , C 1541 

MTSYS 1 , C 1541 
OF , C 1556 * 
EQRATt  C 1558 

KUOE, C 1559 t 

KONTI C 1561 9 

NOEQ, C 1565 
BOX 1 C 1771 
BOF 1 , C 178.6 
HX 9 c 1801 
VXPLS, C 1803 
VFPLSt  C 1805 

9 C 1563 

EN L N  1 C 1861 
DEL N 1 , C 1951 
HO 1 9 C 2041 
S l t  C 2131 
X l r  c 2221 
DELTA 1 9 C 2241 
B O  1 , C 2261 
PO. C 2276 
SO. C 2278 
T I  c 2280 
AAY 9 c 2282 
m ,  C 2284 
DATUH 1 s C 2311 
pc , C 2314 
1 P R O B ,  C 2316 
IHSt C 2318 
I SYM 9 C 2320 
I D i O ,  C 2322 
ioun, C 2323 
L, C 2325 
M S  C 2327 
N. C 2329 
IO19 C 2331 
103,  C 2333 
IMAT, C 2335 

, S Y S T M  i 5  , c 1555 
t MTSYS 15 t C 1555 

FPCT, C 1557 

KASE P C 1560 
C 1562 

8 NE, C 1564 
NF t 

BOX 15 
BOF 15 9 

HF 
V X M I  N t  
VF M i  NI 
EN L N  93 
DEL N 90 
HO 90 t 
5 90 , 
x 20 , 
UELTA 23 
80 15 9 

HSU8O , 
T LNI 
AAY LNI 
CPSUMt 
TC LNI 
DATUM 3 , 
TC 9 

I F I X T ,  
ICUNDI 
I PROD I 

KORUM, 
L1, 

I P I  
i P2 , 
KMAT, 
I USE 9 

LonuM. 

ni  , 

C 1785 
c 1830 
c 1802 
C 1834 
C 1806 

I C 1950 
, C 2040 

C 2130 
c 2220 
C 2240 . C 2260 ~ ~~ ~ 

C 2275 
C 2277 
C 2279 
c 2281 
C 2283 
C 2285 
C 2313 
C 2315 
C 2317 
C 2319 
C 2321 
C 2323 
C 2324 
C 2326 
C 2328 
C 233q 
C 2332 
C 2334 
C 2335 
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Ei)UiVALBUCE IADDI C 2 3 3 6  9 ITNUMB. C 2 3 3 1  
tUUIVALENCE I TAPE v c 2 3 3 8  . P. C 2 3 3 9  
EQUIVALENCE 1DEdUti.  C 2 3 4 0  9 I F R O Z t  C 2 3 4 1  
t U U I V A L t N C E  A 1 9 C 2 3 4 2  9 A 1 3 5 0  t C 3691 
t U U I V A L k N C E  C U t F T l  1 9 C 3 6 9 2  s COEFT l  1 3 5 0  9 C 5 0 4 1  
EUUIVALEhCE C O t F T 2  1 C 5 t i 4 2  * CUEFTZ 1 3 5 0  . C 6 3 9 1  
tUUIVALENCE COEFT 1 C 6 3 9 2  COEFT 1 3 5 0  9 C 7 7 4 1  
tQUAVALENCE ATOM 1 . C 7 7 4 2  9 ATOM 3 0 3  9 C 9 0 4 4  
t U U I V A L E N C t  HATOM 1 C 7 7 4 2  p MATDM 3 0 3  * C 8 0 4 4  
kOUiVALkNCE PCP 1 s C 2 2 8 6  9 PCP 2 5  t C 2 3 1 0  

C 
OATA QOVOCT/O377777777777 /  
8l l iNL)  QOUOCT 
I O 1 0  0 
OtT IY  0.0 
1 F  I U S E  8 U . 8 0 ~ 8 1  

8 1  i U S E l  IUSE 1 
UU 1 K 1 . IUSE 
X K 0.0 

I T k K A  0 
KAPUT 1 
U S U H l  BIGNU 

1 DELTA K 0.0 

C 
C S A V t  MATKIX  I N  DRUM 
C 

00 8 2  10 1.IUSE 
u u n 2  JN A. I u s E i  

8 2  uaw IO.JN G ID.JN 
C 
L BEGIN k L I M l N A T I O N  OF NNTH VARIABLE 
C 

6 DU 4 5  NN 1, IUSE 
If NN-IUSE 8.83.8 

n3 IF  ti ~ N , N N  31 .23 .31  
C 
L SEARLH f O K  HAXlMUM C O E F F I C I E N T  I N  EACH KOW 
C 

8 UU 18 1 h lNsIUSE 
J NN 
I f  L. I s J  99 .14 .99  

99 CUtFX I 0.0 
1 O J  J 1 

I C  I U S E 1 - J  12.84.84 
8 4  i f  ABS G i , ~  - A B S  C O E F X  I A O . A O O . ~ O O  
100 L O t F X  i A8S C 1.J 

GCI T O  10 
li! L U t k X  I ABS C U t F X  1 /G I t N N  

GU TU i n  
1 4  C O t t X  i 8IGNO 
1 8  CUNTiNUE 
1 9  TEMP B I t i N U  

I l l  

I f  C O E F X  J -TEMP 87122.22 
2 0  00 L2 J N N e I U S t  

8 7  T tMP LOEFX J 

2 2  LUNTINUE 

2 3  I U I D  NN-1  

1 J  

I F  i 28.23.28 

GO TU 8 0  
C 
c l N U t X  1 LOCATES EQUATION TU BE USED FOR E L l M I N A T l N G  THE NTH 
C V A K l A B L E  FKUM THE REMAINING EQUATIONS 
L 
C iNTtRCHANGE EQUATIONS I AND NN 
C 

2 8  I F  N N - I  29.31.29 
29 UO 3U J N N s I U S t l  

2 b 1.J 
b i o J  G NN.J 

30 G N N t J  2 
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C 
C D I V I D E  NTH ROrl BY NTH DIAGONAL ELEMENT AND E L I M I N A T E  THE NTH 
c V A R I A B L E  FROM T H t  RkMAINING EQUATIONS 
C 

31 K NN 1 
UO 36 J K r  I U S E l  

I F  G “INN 361 239 3 6  
36 G NNIJ G N N r J  / G “INN 

8 8  DO 44 I K r I U S E  
40 DO 44 J K r  I U S E l  

4 4  CONTINUE 
45 CONTINUE 

I F  K- IUSEI .  8 8 r 4 5 r 8 8  

G I r J  G I I J  - G I r N N  *G N N r J  

C 
i. BACKSOLVE FOK THE VARIABLES 
C 

991 IDIU I U S €  
K I U S €  

4 7 J  K 1 
sun 0.0 
I f  I U S €  - J 51948.48 

4 8  DO 5id 1 JrIUSk 
5 0  SUM SUM G K r I  *DX I 
5 1  UX K G K r I U S E l  - SUM 

X K  X K  U X K  
K K - 1  
I F  K 4 7 r 1 5 1 r 4 7  

UU 96 J D  l r  I U S E l  
151 DO 90 I D  1 r I U S E  

90 G IDrJO OHUM IOSJD 
C 
c CAALULATE RESIDUALS DELTA RIGHT HAND S I D E  
c 

52 DSUM 0.0 
DO 6L I l r  I U S €  

SW 0.0 
DO 5 6  J 1,  I U S €  

5 6  SUM SUM G I r J  +X J 
U U T A  I ti I r I U S E l  - SUM 
I F  A 8 S  G I r I U S E 1  - 1.0 62. 6 2 s  60 

60 DELTA I OELTA I / G I r I U S E 1  
62 DSUM ABS D t L T A  I DSUM 

64 I f  DSUM - DSUM1 7 4 , 8 0 1 6 8  
6 8  KAPUT 2 

7.2 X K  X K  - D X K  
GO TO 52 

7 4  USUHl DSUM 
I T E R A  I T E K A  1 

GO TU 6 6 9 8 0  1 KAPUT 

UO 7L K 1, iUSE 

I f  I T t R A  - 4 92r80r92 
9 2  00 7 8  I I r I U S E  

7 5  6 1 1 I u S t l  U k L T A  I 
I F  ABS G I p I U S E l  - 1.0 7 5 , 7 5 1 7 6  

GO TO 7 8  

76 G I r I U S E l  O t L T A  I * G I r I U S E l  
7 8  CONT INUE 

w TO 6 
80 K t T U R N  

k N  u 
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+ I  BF TC MATR I X 

SUElKUU TIN E MATRIX 
C 
C 

OIMtNSION 6(20,211,  A ( 1 5 ~ 9 0 1  s EN(90)  9 

U i H t i b S I U N  DEL N i 9 0 1  t HO(901 S ( 9 U )  , 
U i H t h b l O N  DELTA(ZU1 t 8 O ( 1 5 1  , P c p ( 2 5  I ,  
LlIMENSlON COEFX(Z0) , D X ( 2 0 )  9 F O H H i  1 5 )  
UlMENSlUN C U E F T l l  1 5 ~ 9 0 )  t C U E I - T 2 i 1 5 ~ 3 0 1  
O l M t N S l U N  t L M T ( 1 5 1  I U A T A ( 2 3 )  , OATUMi31, 
DIHENSION BOX(L5)  , BOF ( L 5 )  t ANS(454)  , 
D l M t N S I U N  LLMT( 1 5 )  rMTSYS(15)  ,MDATA(231 
OIMEhSIUN ANSLAB(454)  t CUEI=T(15rYO) 
O I M t N S l O N  MATUH(101,3) , A T O H ( l O l r 3 )  
CUMMliN 6 
LUHHUN UbOOCM( 7 7 0 0 1  

C CUMMUN C 
EQUIVALENCE 
tu U l  VALEN CE 
EUU IVALEN CE 
EQUIVALENCE 
tUU1VALWEICE 
tQUIVALENCE 
EQUIVALENCE 
EOUIVALWCE 
t c l U I V A L t N C E  
EUUIVALEhCE 
E W I V A L E N C E  
EtJUIVALUYCE 
EUU IVALENCE 
Ec)U lVALENCE 
EUU IVALENCE 
t Q U  I VALENCE 
EbiUiVALENCE 
EUU l V  ALENCE 
EUUI  VALENCE 
E U u I V  ALENCE 
t U U  I V A L t N C E  
EdUIVALENCE 
EOUIVALEkCE 
EQUlVALtrV CE 

EOU 1 VALENCE 
tc lU 1 VAL EN CE 
ti)U IVALEiNCE 
EUU I V A L t N C E  
EUU i V AL EN CE 
t UU I V  ALENCE 
EbiU I VALENCE 
t U U  1 VAL tN C €  
tQU I V ALkNCE 
kQUiVALENCE 
t U U I V A L t N C E  
t U U I V A L t N C E  

t U u I V A L E N  CE 

, 
t , 

(VMACH , 
( V A C i  s 
(RHO1 t 
(RHO, 
L T  P I ,  
( k P  P I ,  

(ETA 1 ,  
(AM ETA, 
( S l t i  I ,  
(AM SIGt 

t r  ETA,  

( G ( 4 2 0 )  t 
ANS(4541 , 

ISSUM, 
(CP, 
(DLMTP t 
t ARAT I Os 
(SP IMP, 
( C F ,  
(RHOVAC, 

( P I  I ,  
( A W  P I S  

LEP ETA, 
( T  SIG, 
(EP S I G ,  

€N L N ( 9 0 )  
X(  20 I 
PROD( 3 I 

FDRMLA ( 18 I 
SYSTMt 15) 

C i 4 2 0 1 )  
C ( 8 7 4 )  1 
c 1 4 2 5 1  I 
C ( 4 2 7 1  I 
C i 4 2 9 ) l  
C ( 4 3 1 1  I 
C ( 4 3 3 )  1 
C (  4 3 6 1  I 
C ( 4 3 8 )  I 

C ( 4 4 1 ) )  
C ( 4 4 3 )  1 

C ( 4 4 7 ) )  
C i 4 5 0 1 )  
C ( 4 5 2 1 1  

EiWIVALENCE (KCIDES C ( 1 5 5 9 ) I  , (KASE. C ( 1 5 6 0 1 )  

€UU 1 V ALEN CE 
tQU I V ALkN CE 
EQuIVALkNCk 
EUUIVALkNCE 
EOUI VALENCE 
EOUIVALENCE 
t U U I V A L t N C E  
EOU IVALENCE 
tUUIVALENCE 
EQUIVALENCE 
t U U I V A L t N C E  
cUUIVALENCE 
EdUIVALEN CE 
t U U  I V  ALENCE 
kUU IVALENCE 
EUU I VALEN CE 
EUUlVALEN CE 
E W I V A L E N C E  
t O U  I V AL EN CE 
E d U l  VAL EN CE 

C( 1 5 6 2  ) ) 
C ( l 5 6 4 1 )  

C(  1 7 8 5 1  I 
C (  1833 I I 
c t  1 8 3 2 1  I 
C ( 1 8 0 4 1 )  
C ( 1 8 J 6 1  I 
C ( 1 9 5 0 1 1  
~ ( 2 0 4 0  I I 
C ~ Z 1 3 0 1 1  
C ( 2 2 2 0 1  I 
c i 2 2 4 0 1  I 
C i  2 2 6 0  1 )  
C ( 2 2 7 5 )  I 
C( 2 2 7 7  I I 
C ( 2 2 7 9 1 )  
C ( 2 2 8 1 J  b 
C ( 2 2 8 3  ) 1 
C ( 2 2 8 5 1 )  
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C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 

EO LI 1 VAL EN CE 
EUU I V A L E N  CE 
tOU iVAL&CE 
EUU A V AL EN CE 
E4U I VALENCE 
EUU I V ALEIU CE 
t U l l  I VALENCE 
tOUIYALENCE 
EU U I V A L  EN C E 
EQU I V ALENCk 
I3.w 1 VALE& C E  
t U U l V  ALENCE 
EUUIVALENCE 
tUUIVALE&CE 
EUUIVALENCE 
tUUIVALENCE 
IiW I V ALENC E 
EQUIVALENCE 
EUUIVALEIUCE 
EUUIVALkNCE 
EPLl i V  ALEN C E  
EUUIVALENCE 
tOUIVALENCE 

L IPROOt  
( LORUH r 
(KORUHr 
( L l r  
( H l  t 
( I Q r  
(142. 
(KHAT* 
( I U S € .  

I J E T W H I N t  WHICH MATRIX I S  TO BE SET UP 
SENSE L I G H T  L I G H T  ON L I G H T  OFF 

1 COMBUSTION TYPE EXPANSION TYPE 
2 ASSIGNED TEMPERATURE UNASSIGNED TEMPERATJRE 
4 NUT COWVERGEU CONVERGED 

i u i - i a  1 

103=1a3 
AOL=lP  2 

CALL SLITET(2 tKOOOFX)  
GU TO 4 1.4) KOOOFX 

1 CALL S L I T E  ( 2 )  
CALL SLITETL4tKOOOFX)  

GU 1 0 1 2 t 3 J t K O O O F X  
2 CALL S L I T E  ( 4 )  

I F I X T =  1 
I SYM= IO1 
GO TO 10 

3 I F l X T = 2  
I H S = 1  

GU TO 10 

CALL S L i T E T l l t K O O O F X )  

I SYM= I a2 

4 I F I X T = Z  

Gil  T 0 ( 5 t 6 ) r K O O O F X  
5 CALL S L I T €  (1) 

I HS= 1 

Go TU 10 
isw= 1a2 

6 CALL SLITET(4 tKOOOFX)  
GU TO ( 7.8) t KOOOFX 

7 CALL S L I T E  ( 4 )  
IHS=2 
l S Y M = I Q l  
GO TU 10 

I SYH= I O 2  

C L t A H  MATRIX STORAGES TU ZERO 

a IHS=A 

10 ou z u  1= i r1a2  
ou 211 K=L.IP~ 
GI I t K ) =  G . 0  

211 CONTINUE 
212 COiUTINUE 

lCUND= 1 

213 ICONLI=2 
AF LL-IP) i 4 .213 ,~4  

C 
C BEGAN SET UP OF I T E R A T I O N  MATRIX 
C 
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14  W 65 J=l.M 
CALL tlYPASS L J t l l  
I F  L IPKUU-2) 6 5 t 2 1 4 r 6 5  

214 I f  L t N L J J )  b 5 r 6 5 r 1 2  
C 
c CALCULATt  THE kLkMENTS K L 1  rK) 
C 

12 00 2U I=A.  L 

13  T t H M -  A L l r J J * E N L J )  
1F 1AL I t J J )  1 J t 2 0 t 1 3  

00 15 K = I ,  L 
G L I s K J =  G 4 I t K J  + ALKtJ) *TERM 

1 5  CUNJINUE 
C 
G L U H P L t T E  COLUHN A FUR THE GAS MOLECULE 
t 

GL I t  I Q I J = G L I  r I Q l ) + T E R M  

G l  i U 1 ,  I 0 1 ) =  GL L Q 1 , I U l J t E N L J J  
20 CONTINUE 

G 
G STATEMENT 24 I S  FUR F I X E D  TI 30 I S  FOR VARIABLE T AN0 CONVERGED 
G F l X t O  T .-. 
C 

C 
C FOR ASSIGNEO T BYPASS ENERGY ROW AN0 T COLUMN WHILE ITEHArCNC 
C 

21 I F  L I F l X T - 2 )  2 4 ~ 3 0 ~ 3 0  

24  TERM= (HO(J) -SLJ)J*ENLJJ 
OD 25 I=1. L 
GL I t  iQZJ=GL I t  I Q Z ) + A L I  t JJ*TkRM 

2 5  L i lNTINUE 
G l  101,lQZJ=GLIQlrIQ2J+TERM 
GLi TU 65 

C 
C FILL  i N  TtMPEKAJURE COLUHN AND R I G H T  HAND S I D E  
C 

30 TEKM=HOL J )*EN( J J  
w 35 I = I . L  
G l  I t I Q i J =  G L I t  l O Z ~ + A L I t J J * T E R M  

6L 1U1t IQZJ= GL I Q l s I O Z J + T E R M  
T E R M l =  LHO L J I - S L J  J )*EN 1 J) 
w 40 I=1.L 
G I  I s I Q 3 ) =  

3 5  CONTINUE 

GL I t  I P 3 l + A L  I r J ) * T E K M l  
40 CUiYTiNUE 

GL I U l .  IU3J=GLIQl . IQ3I+TERM1 
C 
C STATtMENT 50 I S  FOR ENTHALPY t 5 5  I S  FOR ENTROPY EQUATION 
C 

4 5  I F  LIHS-2) 50155.55  
5 U  bi  I u Z . I ~ L J = G L I U ~ ~ I Q ~ ) + H O ~ J ~ * T E R M  

GL I U Z t  103 )=G 6 I LIZ t 1Q3)  +HGt J) *TERM1 
GU TU 05 

c 
C DURING EXPANSION THE ENTROPY ROW I S  F I L L E D  I N  
C 

5 5  J t K M = S t J ) * E N L J J  
OU 60 K = l r L  

60 LA I U t K J =  G L I U 2 r K l t A L K t J J * T E H M  
CUNT I N  UE 

tit 1 ~ 2 ~ 1 0 2  J=GL 102, I P Z J + H O L  JJ*TERM 
GL IUZt 101J=GL I Q Z t I Q l J + T E R M  

G4 I U Z t  I U 3 ) = G L I ~ Z r I P 3 J + ( H O L J ) - S L J ) J * T E R M  
65 CONTINUE 

C 
C AT T H I S  P O I N T  PHOCESSiNG OF GASEOUS PRODUCTS HAS BEEN COMPLETED 
C AN0 CUNOENSED PHASE PKOCESSING I S  BEGUN 
C 
c STATEMENT 70 I S  FOR CONDENSE0 PROOUCTSt 101 I S  FOR NO CONDENSED 
C 

66 I F  LICUNU-2) 7 C t 1 0 1 . 1 0 1  
7( i  K = L 1  

OU L U 0  J= M 1 r N  
CALL BYPASS LJ.1) 
i f  1 APKUD-21 10Or74tlOO 
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llllllIlIlll1111 I I1 I1 I l l  I I1 

74  W 75 I = i , L  

7 5  CUNTINUE 
G l  I IK 1 =A( I , J J 

C 
C STATEMENT 80 I S  FUR F I X E D  7 s  85 IS FOR VARIABLE T AND CONVERGED 
c F I X t U  T 
C 

I F  ( I F I X T - 2 )  80,85985 

GU TU 55 

GlK , IQ3)=  HO(J ) -SLJ )  

80 (;(Kt lQi?)= HO( J ) -S (  JJ 

8 5  C ( l c . i a a =  HO(JJ  

C 
C STATtMENT 95 I S  F O R  ENTHALPY, STATEM€NT 90 I S  FOR ENTROPY EQUATION 
C 

I F  I I H S - 2 )  95*90 ,9U 
YO 64 I O L  K)=S( J J 
95 K= K + 1  

l U 0  CUNTINUE 
C 
C 
c 
C 

10 I 

10 2 
10 4 

C 
C 
c 
C 

C 
C 
C 

1U 5 

10 6 

10 7 

10 9 
110 

11 5 
11 5 
13 0 
13 1 

133 
13 6 

C 
C 
C 

145 

150 

160 

C 
c 
c 

165 
166 

16 8 
16 9 

185 

KEFL€CT SYMMkTKIC PURTIONS OF THE MATRIX BEFORE COMPLETING THE 
CdI.rUtNSt0 PHASE CONTRIbUTIONS TO THE MATRIX 

UO 104 I = l , I S Y M  
UU l U 2  J= I , ISYM 
CI(J,I)=GI I v J )  
CUIvT I N  UE 
CUlv T AN LIZ 

THE ADOKESS OF THE NEXT INSTRUCTION IF SET DURING I N I T I A L I Z A T I O N  
STATtMENT 105 IS FOK CUNUENSED,130 IS FOR NO CONDENSED 

I F  ( ICUND-21 1 0 5 r 1 3 0 ~ 1 3 0  

CUMPLETE COLUMN A OF MATRIX 

DU 125 J=Ml,N 
CALL BYPASS ( J t l J  
I F  ( IPRUU-2)  125,106,125 
00 l U 7  I = l , L  
G( I ,  I U l J = G (  I t I U l ) + A ( I  ,JJ*EN( J) 
CU&T AN UE 
IF  ( I F I A T - Z J  125,1C9,1l~9 
IF (1HS-21 110~115,115 
61 l U l t I Q l ) =  6( IQ2 , IU11+HO(JJ*EN(J )  
GU TO 115 
C( 1021 1011= 6( I P L , l P l ) + S ( J ) * E N ( J J  
CONTINUE 
bll TU (131 ,133) ,1F IXT  
Ki-lAT= I OL 
bU TU 136 
KMAT=IQ3 
IMAT=KHAT- 1 

COHPLETt T H t  R IGHT HAND S IDE 

00 145 I = l , I H A T  
b ( I i K M A T ) = G (  1 ,KMATJ-G(I , I Q l J  
CONTINUE 
00 L50 I = l t L  
G (  I,KMATJ= G(I,KMAT)+ AAY*BO(I )  
LUNT I N  UE 
P= 6( 101, I U l )  
G( IQ1,kMAT) = GLIQl,KMAT)+ PO 
G t  I U 1 .  IQi)=0.u 

C U M P L t T E  EN€RGY ROY AND TEMPERATURE COLUMN 

IF IKMAT- IO2)  165,185,165 
I F  L I H S - L )  166. /68,168 
tNEKbY =AAY* ( H S U B O / T )  
irU TO 169 
ENkKGY= AAY*SO+PO-P 
b( l P L v 1 U 3 ~ = 6 ( 1 0 L ~ I Q 3 ) +  ENERGY 
61 IQL. 1Q21= GL142vIPZ)+CPSUH 
KETUKN 
t N  U 
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510FTC OUAUOX 

SUBUUUTINE O O A R O X ~ A K A T I O ~ I A O O ~ P I  
C NE* CUMMON 
C 

CUMHIIN /KOS/KOKr J A D V I  .MNFKr I C O N S T t I  RAM. I Z E I  ARt I ROUt I CON. 

CUtIHUN/KN 1/SW 1. SUB2t  S U B 3 4  Y TtNZTYPt  

COMMON /KNZ/JEAM 

C O M M O N / K N ~ / K O N T ~ ~ J N I  SPCP (25)  .KAPPA ,AUT tI3LDAUT t PCP T 
CUMMON /Ur( l /COSTHtCD rCOAtTF  tHEATC t P 2  r T 2  rAMOL2 t VZtGAMZt 

LOMHON /RH2/PP3P2 r CV t V 4  t JRA M 

Z I F R E L  

Z I T Y P i  5J.LONLZO)rEEXP( 201 t A K 1 2 0 )  

ZSAPELI SAPE2r LNUHEtPPT 
I T I  HE2 ,OAKOX IC ONVER .APE t SAPE . 

L P F I E L O  rVO IAOAC r Q l Q O r P 3 P Z  

C 
C END O F  NEW COMMON 
C O l V l O €  NUZZLE CONTOUR I N  4 SECTIONS 
C SELTIONS 1 AN0 2 ARE SUBSONIC 
C SECTIONS 3.4 AN0 5 ARE SUPERSONIC 
c FUK SUPERSONIC COMBUSTION SECTIONS 112 AND 3 ARE USE0 

t Q U I VALEN CE SUB 3. SUP3 I 
IFL I R U U )  2 6 r 2 7 ~ 2 6  

26  Y = YT*SOKT(ARATIOI  
OAKVY = 2 ,WY/ tYT**Z l  
GO TO LE 

OAROY = l.O/YT 
2 7  Y = Y T I A R A T I O  

28 I F L K U K )  20rlrZO 
1 IFLP-PPTI  5 rZ .Z  
2 i f ( A R A T I U - S U B l 1  413.3 
3 NCON = 1 
’ I T Y P E  = I T Y P I 1 1  

4 

5 
6 

7 
8 

9 

21J 
2 2  
25 
31 

W TO i5 
NCON = 5 

GO TU 25 
I F (  ARA 110-SUM2 1616r7 

I T Y P E  = I T Y P ( L 1  

NCUN = 9 
ATYPE = I T Y P ( 3 )  

GO TU 25 
I F I A A A I I U  - S U P 3 ) 8 1 0 r 9  
NCUN = 13 

I T Y P E  = I T Y P L 4 1  
GU TU 25 
NLUN = 17 

GO TO 25 
I F (  ARATIO - SUM1 J 3 t 3 1 2 2  
I F  ( ARA I10 - 

I T Y P E  = I T Y P ( 5 )  

SUB 2 i 4 r 4 t 6 
I F (  I T Y P E  - l ) 3 O r 3 l r 3 0  
UXOY = LONLNCO~)*EEXP(NCON)+(Y** (EEXP(NCONI  -1.01) + CON(NCONt l I *  
1 t t X P  (NCON+1)*IY**~EkXP(NCONtll -1.0) I CON(NCON+Zl*EEXPL NCON 
2 t i ) * t Y * * (  E t X P L N C 0 1 ~ + 2 1 - 1 ~ 0 1 1  t CON(NCONt3 1 *EEXP(NCON+3) * 
3 (Y* *L t tXP(NCUN+31  - 1-01 I 

GU TU 32 

30 SAV=ABSLCUN( NCONl +CON( NCON+ 1 J +Y+CONLNCUN+2 1 *Y**Z I 

3 2  OAROX =OAR UY/OXD Y 
DXDY- 1 CUN(NCUN+II+Z.O*CO&( NCON+ZI *Y)  / (2.0*SQRT ( S A V I  I 

REIUhN 
t N  0 

S l t l F T C  CUM6 

SUUUOUTINE CUMM 
CUMNUN / A P E l l / Z N l  

C N t Y  CWHON 
c 

CUMUON/KOS/KOK rJA0O I r MNFR 9 I CONST 

CUMMU N /KN 1/ S UB 1 e SUB2 t SUB 3 

I RAM. I Z E  I ARI I ROUS I CON. 
Z l F R t Z  

Y T I NZ TYP t 
ZITYPL 5 l r L O N ( 2 0 1 r t E X P ( 2 0 1  sAK(20J  
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CUMHO N /KN Z / J  €AM t I T I  ME 2 ,OAR0 X.C ONVE R SA PE s SAP€ * 
2SAPtAtSAPE2, INUMEtPPT 
CUMMUN/KN3/KON T r l  J N  , S PCP ( 25) ,KAPPA AUT, OL DAUT PCP T 
COMMON /RH l/COSTH.CO*COA .TF .HEATC.P2 .T2 vAMOL2 r V 2  sGAM2, . . .  

ZPFIELO ,VU ,AOAC ,QiuO.P3Pi 
COHMON / K M ~ / P P ~ P ~ , C V I V ~ ' ~  JRAM 

G 
C t N O  OF NEW COMMON 

D I M t N S I O N  G(2G,211. A I 1 5 r 9 0 ) .  E N ( 9 0 ) s  
OIMENSION O t L  ~ ( 9 0 1 ,  no(90). S ( 9 0 1 ,  
OIMENSIDN DELTA(2O) B O ( 1 5 )  PCP(25),  
OIHENSION COEFXL2O) t OX(20)  9 FORM( 1 5 )  
L ) I N t h S I U N  C D E F T l ( l 5 r Y 0 )  v C O E F T 2 ( 1 5 ~ 9 0 1  
OlMEiYSIUN ELMT( 15) t D A T A ( 2 3 )  , DATUM(3) t 

DIMENSION BOXL15) s BOF (15) s A N S ( 4 5 4 )  s 
DIiYENSIUN L L M T ( 1 5 J  rMTSYS(151 rMDATA(23) 
U I M t h S I O N  A N S L A 8 i 4 5 4 ) s  COEFT(15,90J 
DIAENSION MATUM(lO1.3) ATOM(101 s 3 )  
OIMEN S ION MX( 20) I MCOEF T ( 15 t 90) 
DIMtPI S l U N  MFORM( 1 5  
KEAL LRS 
H t A L  L L S  
LUMMUN G 

C CUMMUN C 
EuU I VAL EN CE 
EuUiVALENCE 
t c) U 1 V AL EN Ct 
kuu i V A L E N  CE 
I i Q U I V A L t N  CE 
t 4 U I V A L t N C E  
t U U  1 V AL EN CE 
EUU I VALtNCE 
EUUIVALtNCE 
EQU 1 V  ALENCE 
EQUIVALENCE 
EUU I V A L t N C E  
EQU I VAL EN C E 

EUU IVALENCE 
E O U I V A L W C E  
kUU 1 V  ALEN CE 
EQUIVALENCE 
tL1U 1 VAL EN CE 
EQUlVALtNCE 
E W I V A L E N C t  

EGJIVALENCE 

EQU 1 V AL EN CE 
EUUIVALfiNCE 
t W I V A L E i Y C E  
tblUlVALENCE 
t U U I V A L EN CE 
t Q U  I V ALkh CE 
tQUIVALEN CE 
t U U I V A L t N C E  
t d U A  V ALEN CE 
t U U  IVALEN CE 

EQUIVALENCE 
EuU 1 VAL €N CE 
EQUIVALtNCE 
t U U  I VALENCE 
EUUIVALENCE 
EUU I V ALENCE 

EN L N ( 9 0 )  
X ( 2 0 )  
PHOO(3 1 

FORMLA( 18) 
SYSTM( 15) 

tUUIVALENCk (KODE, C ( 1 5 5 Y ) )  , (KASE,  
EQUIVALENCE( NF tC ( 1562) ) 
EUUIVALEhCE 
EQU I V ALeNCE 
EUuIVALENCE 
EQUIVALENCE 
EO U I VAL EN CE 
t u  u I V AL EN CE 
tQUIVALENCE 
EUUIVALENCE 
t U U  I V  ALEN CE 
t c lU  I VAL t N  C E  
tuu IVALENCE 

78 



E Q U I  VALEN CE 
EQUIVALENCE 
EUU [VALENCE 
EQUl  VALEN CE 
EUUI VALEN CE 
€QUI VALtNCE 
.EQUIVALENCE 
tQUIVALENCE 
EUUIVALENCE 
EQUIVALENCE 
EQUIVALENCE 
EQUIVALENCE 
EQUlVALENCE 
EUU 1 V  ALENCE 
EUU IVALENCE 
EQUIVALENCE 
EQUIVALENCE 
EUUIVALENCE 
EQU [VALENCE 
EQUIVALENCE 
EQUIVALENCE 
EQUIVALENCE 

EQUIVALENCE 
EQUIVALENCE 
EQUIVALENCE 

EQUIVALENCE 

EQUIVALENCE 
EUUIVALENCE 
EQU I V A  LENCE 
EQUIVALENCE 
EQU [VALENCE 
EPUIVALENCE 
€QUI W ALEN CE 
EQUIVALEN CE 
€ Q U I  VALENCE 
EUUI  V ALENCE 

c 4 2221 ) 1 
C(2221) 
C 12241) 
C ( 2 2 6 1 1  
C42276)  
C 122 78 )  
C ( 2 2 8 0 )  
C(2282J  
C (22841 
C ( 2 2 8 6 )  
C ( 2 3 1 1 )  
C (2314) 
C123161 
C (231&) 
C 12320) 
C ( 2 3 2 2 )  
C ( 2 3 2 3 )  
C ( 2 3 2 5 J  
C 12327)  
C (2329) 
C(2331) 
C(2333) 
C ( 2 3 3 5 )  
C ( 2 3 3 6 )  
C 12338) 
C (2340) 

' 2 4 0 )  ) 
2 2 4 0  1 
2 2 6 0  1 
22758  
2 2 7 7 )  
2 2 7 9 )  
2 2 8 1 )  
2 2 8 3 )  
2 2 8 5 )  
2310 I 
2313) 
2315) 
2 3 1 7 )  
2 3 1 9 )  
2 3 2 1 )  
2 3 2 3  J 
2 3 2 4  I 
2 3 2 6 )  
2 3 2 8 )  
2330) 
2 3 3 2 )  
2 3 3 4  1 
2335 1 
2 3 3 7  8 
2339) 
2 3 4 1 )  

C 
C 

1F 4 PP 3P2)  2401. 5s 2401 
5 H 2 2 = L N l / A W L Z  

lCOn8N = 0 
VnACH2=S4KT( 89548.2*GAM2*12/AMOL2) 
VMACH2= V 2 /  VHACHZ 
TOTPC= ( (GAM2 - l.OJ/2.O)*VnACH2**2.0 
TOTPC (1.0 + TOTPC)** (GAW/(GAM - 1.08) 
TOTPC = P2*TOTPC 

PAR2 = T Z / L A M L Z * V 2 )  
J ICUH=O 

2 4 0 1  I F (  l C D N S T ) 2 5 5 0 . 2 5 6 0 r 2 5 5 0  
2 5 5 0  13 = PP3P2*WTr(OL*VC*PARZ*DRAGZ*P3PZ 

013 = T 3 / T  
l F ( A B S ( D T 3  - 1-0) - . 0 0 7 5 ) 2 5 5 7 * 2 5 5 7 e 2 5 5 3  

2 5 5 1  I F (  PP 3P2) 2559,2552,2559 
2 5 5 2  PP3P2 = 1.0 

DRAG1 = 1.0/(1.O+CD/2.0) 
DRAG2 = l.O/I1.O+l.O/OF) 
VFUL = TF *COSTH*DRAGL/(l.O + OF) 
PP3P4 = DRAGl*DRAG2 
PP3P3= 89548.2*PAR2* 4 1.0 + P3P2 ) / 2 . 0  
PP3PS=PP3P4*VZ + VFUL 
PP3P6 = LV2**2.0/90185.4 + H 2 2 ) / ( 1 . 0  + l.O/OF) +HEATC/ 

u 1 . a  + OFJ 
GO TU 2 5 5 7  

2 5 5 9  I F  L ICOMBN - 1)2555.2554.2555 
2 5 5 4  l F L K O K ) 2 5 7 0 r 2 5 7 2 r 2 5 7 0  
2 5 7 0  D l 1  = 013 

oP1 = PP3P2 
i f  (013 - 1-Ob2632.2556.2632 

2631 PC = 1.2*P2 
PP3P2 = 1.2 
GO TO 2 5 5 7  

2 6 3 2  PC = .75*P2 
PP3P2 = .75 
GO TO 2557 

D T 1  = 013 
2 5 5 5  DTDP a (013 - D T l ) / ( P P 3 P Z  - DP1) 
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U P 1  =' PP3P2 
IFtKOK l 2 7 1 1 , 2 7 0 1 r 2 7 1 1  
I F (  OTOP ) 2 6 3 4 r  2 7 0 2  s 2702  2 70 1 

2 7 9 2  PP3PZz l .OZ*DPl  
2 7 0 4  PC = P S P P 3 P 2  

GO TO 2 5 5 7  

211 1 I F (  DTOP 12 703.2703 I 2 6 3 4  
2703 PP3P2 = .975*0Pl 

Gcl TO 2 7 0 4  

PC = PP3P2 * P 2  
2 6 3 4  PP3PZ = (1.0 - OT3)/OTOP + PP3P2 

I F  ( PP3P 2 ) 2 6 3 0 9 2 7 0 6 r 2 7 0 6  
2 6 3 0  PP5P2 = OPl*.5 

PC = PP3P2*P2 
2 7 0 6  I f  (&OK 1255792707.2557 
2 7 0 7  I f L P C  - TOTPC)2557.2708.2700 
2 7 0 8  PC = .98*TOTPC 

2 5 5 7  PP3P1=(1.0 - PP3P2)+PP3P3 
PP3P2 = P C / P 2  

vc = P P 3 P 4 * P P 3 P l  + PP3P5 
SP kEO=VC 
HSUBO=PP 3 P 6  - VC** 2,0/90185.4 
H S U W  = H S W 0 / 1 , 9 8 7 2 6  

HC = H S l i B G  
VHACH = S P E t O I S i l R  T I 89548.2*GAHHA*T/ WTHOL) 

nsun = nsmo 

W R I T E t 6 r 2 6 1 6 )  DPArOT3,VHACH .P3P2 

I F I A B S ( D T 3  - 1.01 - . 0 0 7 5 ) 2 5 5 6 ~ 2 5 5 6 r 2 6 3 9  

i F I  ICOUBN - 1 0 ) 2 6 0 0 . 2 6 3 7 ~ 2 6 3 7  

2616 FORHATt4F10.4) 

2 6 3 9  ICUHBN = ICOHMN + 1 

2637 WRLTE(6.2638) P 3 P 2  
2 6 3 8  F O K H A T l l H K ~ 4 0 X ~ 5 1 H C O H 8 U S T I O ~  CALCULATION NOT CONVERGED FOR A3 

1A2=F5.21 
P 3P z= 1,MP 3P 2 
J ICOH= J I C O H  + 1 

PP3P2=0,0 
I F ( J I C W  - 4)2550.3.3 

i c o n n N = o  

2600 IFtKOK 4 2 5 5 3 r 1 . 2 5 5 3  
2 5 5 3  I F t V H A C H  - 1 - ) 2 5 6 1 r 2 5 6 1 1 1  
2 5 6 1  PPJPZ = .9*PP3P2 
2 0 2 5  CONl iNUE 
2 5 6 3  PC = PP3P2*P2 

Gu TO 1 
2 5 7 2  O T 1  = GT3 

O P L  = PP3P2 
PC = .55*P2 
PP3P2 = .95 

GO TO 2557 
2 5 5 6  PP3P2 = 0.0 

ICOMBN = 0 
J I C O H  = 0 
Gc1 TO 2 

2 5 6 0  PAHBZ = V 2  + 44 
PC=P 3P 2*P 2 
P A H B i  = PARB2*( 

1.0 - P3P21 

~,O/OFI*(1.O+C0/2.0) I 1  
PAKB2 = PARBZ + TF *COSTH/((1.O+OF~*~1.O+CO/Z.Ol~ 

VC=( SQRTL PARB2**2-4.0*PARC 2 I +PARI32 
S P t k O  = LV2**2 /90185.4  + H22)/Ll.O + l.O/OF) + H E A T U I 1 . 0  

P A R C i  = - 44774.1* T* I l .O/P3P2-1.0) / t (1.0+C0/2.0 )*WTHOLl 
/2.0 

L+ O F 1  - HSUH*1.98726 

SPliED = SPEEO*90185.4 
S P t i D  = SQHTiSPtED)  
UT3 = SPEEO/VC 
I F L A B S ( D T 3  - 1.0) - .01)2 .2 ,2564 

2 5 6 4  i F I P P 3 P 2 ) 2 5 6 6 . 2 5 6 5 ~ 2 5 6 6  
2565 Y P W L  = 1. 

O T l = D T 3  
D P l = H S W *  1.98726 
HSUW = (V2**2 /90185.4  + H 2 2 ) / ( 1 . 0  + l.O/OFI + HEATCI(1.0 
I+ O f )  - VC**2/90185.4 

2561 HSU60 = HSUB0/1.98726 
nsun = HSUBO 
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I 

. H C  = H S W O  
GU TO 1 

D i l  = O T 3  
OPl=HSW* 1.98726 
HSUtlO = UP1 + (1.0 - DT3 l /OPOT 
GU TO 2567 

2566 UPDT = ( O T 3  - OTlJ/(HSUM+1.98726 - O P l l  

1 JRAM = 1 

2 JKAH = 0 
V4-VC 
K t T U R N  

RkTURN 

3 W K I T E ( 6 t 4 1  
4 FUKMAT(AHKt45Xt39HCOMBUSTlON CALCULATION NOT CONVERGED) 

P C P ( I A U 0 J  = 0.0 
w3 TU 2 
t N  0 

L l B F T C  ALEU 

SU8KLIUTINE A L E 0  
C N t Y  COHMUN 

C N t Y  CWMUN 
C 

CUHMUN/KDS/KOK r Jb 001 r HNFR I I CONST r l  HA MI I L E  1 AR I I ROUI ICON, 

COMMON /KN 1 / S  U8 I t SUB2 I SU83 * Y T t NZT YP t 

CUMM~N/KN~/JEAMI  I T I  ME2 tDARDXtCONVliR *APE r $APE r 

CUMMON/KN3/KUNTt I J N t S P C P ( 2 5 )  .KAPPA tAWT tOLOAWTt PCP T 
COMMON /RM l /COSTHsCD ,GOA r TF tHEATC t P 2  912 rAMOL2 s V 2  tGAM2t  

COMMON /RM2/PP3PL r C V t  V 4  t JRAM 
CUHMUN /KN4/ANAMt L 2,201 , I J K (  201 t NUM ( 3 1201 

2 i F K t Z  

2 I T Y P t  5J tCON(2OJ tEEXP(2U)  t A K ( 2 O J  

2 S A P t l r  SAPEZ. INUMEtPPT 

2 P F l t L O t V U  tAOAC tU1QOtP3PZ 

2. lwx , NAK 
C 
C t N D  O F  NEW COMMON 

OIMENS IUN 
E Q U i V A L ~ C E ( A N A n E t N A M E )  
EQUIVALENCE ( T k M 1 , I T E M l l  
EUUIVAL tNCE L TEM2,1TEH21 
U I M t N S I O N  G ( 2 0 t 2 L J 1  A ( 1 5 t 9 0 J  I EN(9OJ * EN L N ( 9 0 1  

u I M t l v S I U N  OELTA(2O), BOL15) .  PCP(Z51. PRUO(3J 
O I M E N S I U N  C O t F X ( L 0 )  t U X ( 2 0 1  t FORM( 1 5 )  

I N D (  2 0 )  t NAME (2 t 2 0 J 

UIMENSION DEL N l Y O J  I H O ( 9 0 J  I S ( 9 0 J .  X ( 2 0 1  

U l M t N S l U N  C O E F T l ( A 5 t 9 0 )  t COEFTL115.901 
U I H t N S I U N  E L M T l 1 5 ) t  UATA(23) .  OATUM(3). F U R M L A ( l 8 1  
U I M t N S I O N  t l O X ( A 5 ) t  BOF ( 1 5 )  t A N S ( 4 5 4 l t  SYSTMt 1 5 )  
U I M k N S I O N  LLMT4 15) ,MTSYS(15) rMDATA(231 
O I H t N S  1ON AN SLAB ( 4 5 4  J t 
0 IM€N S ION MA TOM ( 101 t 3 ) I 

O I M t N  S iON 
L)IMikS ION HFURM(15) 
H t A L  L R S  
REAL L L S  
CUMMSN G 
CUMMUN UGOOCM( 7700) 

EQUIVAL€NCE ( G (  1 J , C ( 1 1  I t ( G ( 4 2 0 1  t C ( 4 2 D l  I 
EUUIVALENCk ( A N S ( I J  t C ( 4 2 1 J  J t ( A N S l 4 5 4 J  t C ( 8 7 4 I  J 
E U U i  V A L t N  CE t HSUH t C ( 4 2 4 ) J t  ( S S U M t  C ( 4 2 5 J  J 
EQUIVALEflCE I Y T M U L t  C (426) J t ( C P t  C ( 4 2 7 1  I 
tuu IVALENCE (ULMPT , C ( 4 2 8 J  I t (ULMTP, C ( 4 2 9 J J  
EQUIVALENCE L GAMMA t C ( 4 3 0 1 1 ,  ( A K A T I O t  C ( 4 3 1 1  I 
EPUIVALEhCE LVMACHt C ( 4 3 2 ) l t  ( S P  IMP, C ( 4 3 3 1 1  
t U J i V A L E N C t  ( V A C I t  C ( 4 3 4 J )  t ( C F t  C ( 4 3 6 1  J 
tUUIVALENCE (RHO1 t C (43 7) I t ( RHOVACt C( 438 1 J 
EQU I VALEa4Ct (RHO p c (439) I 
k U U I V A L t N C E  (1  P I .  C t 4 4 0 J l .  ( P I  I t  C ( 4 4 1 1  J 
EQUIVALENCE LEP P I S  C(44Zl)t ( A U  P I .  C( 443 J I 
E u u I V A L t N C E  ( T  E T A ,  C ( 4 4 5 l J  

C U E F  T(L 5 190) 
A T O M l l O 1 ~ 3 1  

M X t  20 J sMCL)EF T (  1 5  t 90) 

c COMMUN C 

EQUIVALENCE (ETA 1 .  C 1 4 4 6 J J r  ( E P  ETA, C ( 4 4 7 J l  
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t UU 1 V A LEN C E 
t d U I V A L W C E  
EQUIVALENCE 
EdUIVALEN C E  
EUUIVALENCE 
EUUlVALtNCE 
- E d U I V A L W C E  
EQ U I V ALEN C E 
t Q U I  VALEN CE 
t U U  IVALENCE 
EUUIVALENCE 
t 4 U i V A L E N C E  
I iUUIVALENCe 
E4UIVALENCE 
tQUIVALENCE 
EUU 1 VALENCE 
tQUIVALENCE 

t 4 U  1 VALENCE 
tUUlVALENCE 
t U U I  VALEN CE 
t d U i V A L E N C E  
t U u I V A L t N C E  

C 

tQUiVALENCE 
tUUiVALENCE (KODt, C ( 1 5 5 9 i )  , LKASE, C(  1 5 6 0  1 I 

EOU I V ALENCE 
EuuIVALENCE(  NF.C( i 562 )  ) 
~- 
€QUI V A L W C E  
c 9 U I  VALENCE 
t Q U I V A L E N  CE 
EQU AVALEkCE 
tOUIVALENCE 
t 9 U A V A L W C E  
t c ) U I V A L E N C t  
t U u I V A L E N  CE 
EUU 1 VALENCE 
E c) U I V A L EN C E 
t QU i V A L t N  CE 
EUUIVALENCE 
E Q U I V A L W C E  
t u U  I V A L W C E  
LOU I V ALEN CE 
EQ U I VAL EN C E 
tUUIVALENCE 
EOU IVALEN CE 
EQU I V AL t N  CE 
t 9 u i  V AL t N  CE 
t Q U I V A L t N C E  
E QU I VAL EN C E 
EQUIVALENCE 
t U U  AVALEN CE 
EPUIVALENCk 
t U U  I V  A L t N  CE 
tUU1VALENC.E 
EQUIVALtNCE 
t U U  I V A L W C E  

t U U  IVALENCE 
EQUIVALENCE 
EUU I V  ALENCE 
€ u U I V A L E N C t  
EU UI VAL EN CE 
E W I V A L E N C E  
EQUlVALENCk 
t QU i VAL EN C E 
t U U I V A L W C E  
EPU I V  ALEN CE 
t U l l  I V A L W C E  
t U U I V A L t l Y  C E 

C 
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C 

10 
A 1  

33 
34 

1 

5 
6 

3 
9 

20 1 

20 0 

CUNVER = 0.0 
i f -LKi l l (  1 3 3 1 1 0 1 3 3  
I f L J E A H )  l t l l t l  
S A P t  = LPC/PPT)*1.05 
J €AH=- 1 
I A L t O  = 1 
HtTUKN 
AFL I A O D - 1 1 1 . 3 4 ~ 1  
S A P t  = 1.05 
J t A H  = -1 
IALEO = 1 

RtTUKN 
CljNT I N  UE 
I A L E U  = I A L t O  +1 
K= 1 
DO 9 I = l r N H O L  
INDL I ) =O 
J = l  
w 3 nn=1,105 
TEHl=ANSL J + 3 5 )  
TEHZ=ANSL J + 3 6 )  
i f - L A T E M l - N A H E L 1 , 1 1 ) 3 ~ 5 ~ 3  
IFL LTEH2-NAHEL2,I) 13.6.3 
iNDL I 1=J+37 
ti0 TO 9 
J =.I +4 
K=K+Z 

I)AROX=AbSL DARDX) 
i f  L LKOK.EU.0) .AND. LANS(321 .LT. 0.0) j DARDX=-DAROX 
L= 1. B 136E-O6*AN S L 2 1 ** 3/ANS L 31 **4 
Lzz=O.O 
W L i j O  I = l . N A K  
L Z = l .  0 
Du 2 U l  J=1.3 
LA=NUHLJ. I )  
IfLLL.EU.0)GU TO 201 

CALL OUAK UX L AR A T I U  . I ADO I P I 

K=iNOL L A )  
Li=L 2 *ANS LK 1 
CUN T I N  UE 
LZZ=ZLZ+AK( I J*ZZ 
i 0 N T  INUE 
L=i*ZZ z 
U = l A .  9593*ANSI 2 ) r A N S (  13)*OARDX/(  ANSL3J*ANSL 1 1 1  *ANSL321 I *  

l l  ANSL 91*ANSL30)-ANS(8)  1 
UAN = U / i  
WKATEL6.191 L.Q,UAN 

WK 1 T t  ( 6,119) 
19 FUKHATL AHK, Z&X,ZHL=t 12.5. 5X12HP=E 12.5.5X.4HPAN=E 12.5) 

OAR0 X t  AN S ( 1 3 )  VANS L 81 ANS ( 9 1  ANSL 3 0  1 VANS ( 3 2  I 
119 COKHATL 1HK 6H0AKOX=F 10.3 12 X 9 6H SPI  HP=F 1 0 - 3 . 2  XI 7 HANS ( 8  ) = E  12.5, 

l L X t  7HANSL 9 ) = E  12.5, ZX, t lHANS(30 1 =E 12.5 1 2 X  .8HANS (32 ) = E  12.5 1 
1 f L Ab S LOAN-1.0 J-. (r 1 J 90 t 90 . 12 

12 A F ( J t A M 1 1 3 r l O i 2 0  
i 3  IFLKOK1lb .14 .16  
A4 IFLclAN - 1 . 0 ) 1 7 . 9 0 ~ 1 5  
1 5  INUHE = 1 

S A P t  = .90*SAPE 
J t A H  = 1 
GU TO 6 0  

1 7  S A P t  = 2.5 
SAPEL = SAP€ 
JEAH = 1 
ti0 TO 60 

I F (  P-P P i )  26, 24 . 2 4  

16 I F L U A N  - 1.U) 17.90990 

2 0  i f L K O K 1  26,21.26 
2 1 

\ 2 4  Ifit I T I H E Z 1 3 0 r 2 5 . 3 0  
2 5  ULOAN = UAN 

S A P t l  = SAPE 
SAPE = .95 *.SAPE 
I T I H E Z  = 1 
Gi) TO 60 

27 ULOAN = UAN 
26 I F L i T l H E 2 ) 3 0 ~ 2 7 r 3 0  

SAPE1 = SAPE 
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1l11l111llllIllI I I I1 I I I I1 I 

S A P t  = 5.0 
I T I M E 2  = 1 
GIJ TO 60 

30 U I K  = (ALOGtclAN) -ALOG(OLDAN)) /(ALOG(SAPEJ-ALOGLSAPEl) I 
S A P t l  = SAPE 
SAP€= EXPLALOGLSAPE)-ALOGLQAN1/DIR) 
OLUAh = QAN 
1F(KOK)40,43,40 

40 I F L S A P E  - 1-05) 41,60,60 
4 1  SAP€ = 1.07 

GU TU 00 
43 1F( i b U M € ) 4 4 r  50144 
44 I F ( S A P €  - PC-PPT) 46.45145 
45 SAPE = .98*PC/PPT 

GU TO 60 
46 I F L S A P E  - 1.03) 47,47960 
47 S A P t  = 1.03 
50 I F  L S A P & P C / P P T ) 5 1 r 5 1 * 6 0  

5 1  S A P t  = 1.03*PC/PPT 
60 lU0 t U  =NU E U - 1  

i A U D  = IADG-1 
BALKSPACE 3 
I F ( 1 A L t U  - 2 5 )  61,61170 

61 RETUKN 
90 I A L E U  = 0 

JEAM=O 
1 T IM€Z=O 

SAPEL = 0.0 
RETUKN 

7 0  A P t  = 6.0 
S A P t  = 0.0 

CdN VER=l.O 

W R I T l i  ( 6 9 7 1 )  

L A L L  
7 1  tUK14AT(1HJ148X,35HALE0 NUT CONVERGED I N  25 ITERATIONS)  

PUUMPLG4 1.1) 1 SAPE2 1 11 
RETURN 
EN 0 

01MFTC COKE3 

SUt)KOUTINt  COKE3 
C l J t W  C M M U N  

C NEW COMMON 
C 

CUMMUN /KO S/KOK , J A D D I  

LUMMJN/KN 1/SUB 1 r SUbZt SUB3 r Y  TvNZTYP 1 

LUMMUN /KNZ/J€AMs 1 TI ME 2 VDAKDXSCONVER ,APE * SAP€ I 

CUMHON/KN3/KONT 11 JNsSPCPL25)  ,KAPPA tAWT rOLDAW1 9 PCP T 
CUMMUN /KM l/COSTH,C3 sCDA 1TF vHEATCvP2 1T2 pAMOL2 .Vi! .GAM-?* 

CUMMON /RMZ/PP3PZrCV,V4, JRAH 

MNFR 1 I CONST V I  RAM, I L E  I AR 1 I ROU, I CON, 
Z IFREL 

2 iTYPL5) ,CONL20)  s E E X P L L 0 )  1AK(2O) 

2 5 A P t l r  SAP€~VINUME,PPT 

ZPFI~LDIVUSAOAC rUlUU,P3P2 

L 
L END O F  NEW CUMMON 
C 
C F R U L t N  COMPOSITIUN EXPANSION 
C 
C 

U i M t N S I U N  G L 2 0 1 2 l l r  A(15.90)  1 E N ( 9 0 1  1 

O l M t N S I U N  D k L  N ( 9 0 1 r  Hot901 9 S ( 9 0 )  9 

U l H t N S I G N  D t L T A ( 2 0 )  s BOL15)  t PCPL25)  
OIMENSION CUEFXLZUJr OX(20)  t FORM(15 
D l M t N S I U N  C D E t T L ( 1 5 , W )  CCIEFT2(15,90) 
UIHEIVSIIJN ELMTL 151, D A T A ( 2 3 )  s UATUM(3 
D I M t N S  IUN BOX( 15)  * 6 0 F  (15)  , ANSL454 
UIMENSIOiX L L M T t  15).MTSYS(15) vMOATA(Z3) 
U iMtNSIO lu  ANSLABL454)  1 COEFT(15,901 
DIMENSION MATOML101,3) , A T O M ( 1 0 1 ~ 3 1  

* 
1 

EN L N ( 9 0 )  
XL 20 1 
PROOL 3 )  

FORMLA( 18 
SYSTMt 15)  
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SUMHJN G 
CUHMUN UOOOCM( 7 7 0 0 )  

C CdHEIJN C 
t UU I VAL EN CE 
t U U I V A L t N C E  
tUUIVALEtUCE 
t W I V A L E N C E  
EdU IVALEN C t  
EUU IVALENCE 
t PU I V A L t N C  E 
t d U  I V ALEN CE 
t U U i V A L E N C E  
E O U  I V A LEN C E 
E UU I V A L EN C t  
t UU I V A LEIU C t 
E Q J  i V ALEIU CE 
t u U  I VALEN C€ 
t U U I V A L E N C E  
t QU I V A LEN C E 
t Uu 1 v A L EN LE 
t O U i V A L E N C E  
t U U I V A L E N C E  
C U U I V A L E N C t  

EO U I V AL  EN C E 
t U U I V  ALENCE 
EUU I VALEN C E  
t U U I V A L E N  CE 
t U U  1 VALENCE 
t QU I V A L t N  C E 
t U U i V A L E i u C t  
t U U l V A L E N C E  
E4U I V AL€N C c  
tUU1VALEMC.t 
t U U  IVALENCE 
EUUIVALENCE 
t U U I V  ALEtY CE 
t U U  I V A L t N C t  
t U J l V A L t N C E  
t QU I V ALEN CE 
t U U  I V AL tNCE 

E U U I V A L t N C E I N F * C L  1 5 6 2 )  1 
t U U I V A L t N C E  
EUU I V A LEN C E 
EUUAVALENCE 
t u U I V A L t N C E  
t U U I  VALENCE 
t O U I V A L t N C t  
t U U I  VALtIUCE 
t U J  i VALENCE 
E U u l  V A L  t N C E  
t QUI V A L t N  C t  
t U U I V A L k N C E  
t Q U 1  VALEN C E  
t4ui V A L t N  CE 
EUU 1 V  ALEN CE 
E U U I V A L t N C t  
t U U I V A L t N C E  
EP U I V AL€N CE 
EUUIV  A L t N  CE 
E U U I V A L E N C ~  
EUUl  VALENCE 
t u U I V A L W C E  
tUU IVALENCE 
t d U i V A A E N C E  
EUU I V ALEN CE 
t UU i V  ALEN CE 
E U U  IVALENCE 
t U U  I V A L  EN CE 
E U u i V A L E N C E  
E U U 1 V AL  EN CE 
EUUlVALENCE 
t U U l V A L U U C E  
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€UUIVALENCE ( I Q l t  C ( 2 3 3 1 1 )  t I I Q 2 r  C ( 2 3 3 2 1 )  
I i dU IVALENCC ( I Q 3 r  C(2.333)) t LKMATt C( 2 3 3 4  I ) 
E U U I V A L t N C E  t I M A T t  C(2335l)r ( I U S E ,  C ( 2 3 3 5 )  1 
t 4 U I V A L t N C E  ( I A O D t  C ( 2 3 3 6 ) )  9 ( I T N U M B t  C ( 2 3 3 7 ) )  
t U U I V A L E N C E  t I T A P E t  C ( 2 3 3 8 ) )  t (PI C L 2 3 3 9 1 )  

C I 2 3 4 1 ) )  tPUAVALENCE ( I D E B U G t  C L 2 3 4 0 ) )  s (IFROZt 
C O R E 3  

EQUIVALENCE ( A i  1) t C ( 2 3 4 2 J )  t ( A t 1 3 5 0 1  I C ( 3 6 9 1 1 )  
E ~ U I V A L E ~ U C E  (COEFTl(1) t C ( 3 6 9 2 1 )  t ( C O E F C l ( l 3 5 0 )  t C 1 5 0 4 1 ) I  
t U U i V A L E N C E  l C O E F T 2 4 1 ) t  C ( 5 0 4 2 ) )  t I C O E F T 2 ( 1 3 5 0 ) *  C ( 6 3 9 1 ) )  
k Q U I V A L t N C f  L C O E F T ( l ) r  C ( 6 3 9 2 I )  t ( C O E F T L 1 3 5 D ) t  C ( 7 7 4 1 ) )  
t Q U I V A L E N C E  (ATOM(1)  t C ( 7 7 4 2 ) )  t (ATOM(303)  t C I 8 0 4 4 )  I 
EQUIVALENCE 4MdTOMtl)r C ( 7 7 4 2 ) ) r  ( M A T O M ( 3 0 3 ) s  C ( 8 0 4 4 ) )  
COMt4UN/AP E l 2 / H C C t P C C  * S O 0  r Z N 2  t Z N 3  r S A V ( 3 )  t S A V l ( 3 )  

t 
C 
C 

LIL OAW T=AW T 
NU FROZ=O 
M I SSk D =O 
AF(MNFR.tQ.O)GO TO 960 
IF(H&FR.EO.l)GO TO 962 
NUEQ=NUE4+1 
IFLKUK.EQ.1)GU TO 9 5 0  
I f  (MNFR.EQ .- 1) SAPE=PCP I I FRE Z) 
I F  L SAPE .LT, PCPT)  KAPPA = 99 

C IF KAPPA=99 AWT MUST B 6  FOUND I N  CORE3 
C AND T W O A T  MUST COME OUT I N  HEAOING 

C L U S t  M E  PCP 
C C S T A K t C F t  Ak l )  AE/AT MUST BE CHANGE0 

950 J = A  

95 1 

9 6  2 
9 5  2 
5 6  0 

Ab04 
9 6  1 

15 
5 

6 

7 

1 
c 
C 
C 

' C  

DO 951 I = I F R E Z s J A D O I  
I f  ( I *EU. I F K t Z )  PCP ( J )  = SAPE 
I F  ( I .NE. I F R E Z )  PCP ( J )  = SPCP ( I  - 1 ) 
I F  (MNHc.EO. -1) PCP ( J )  = SPCP (1) 
J =J +1 
PCP(J)=O.O 

AN SLAB 1 J ) =AN S (  J 1 

A N S ( J  1 = A N S L A B t J )  
I A D 0 = 1  
l T K U T = 3  
ALP H&=ti .  0 

EN ( J = A N  S ( 4* J + 3 4 )  

DO 952 J=1.454 

W 1004 J = l r 4 5 4  

IW 7 J = l t N  

I f  ( E N L J I J  6.6915 
I F  LJ-M)  5.5.7 
ENLN L J l=ALOG ( k N  ( J ) 1 
A L P H A = A L P H A + t N ( J l  
GU TO 7 
EN LN(J)=O.O 
EN( J =0.0 
CUNT I N UE 
W TMUL F =ALPHA* WTMOL 
PC=AN S ( 2 J 
T L N = A L U G ( A N S ( 3 ) )  
H C = A N S ( 4 ) / 1 . 9 8 7 2 6  
S0= t ANSL 5 ) +  WTMULF /1 .98726)  +ALPHA*ALOG (PC/ALPHA)  
DLMPT=O.O 
DLM TP = G. 0 
IF (HiYfK .GE. 0) GO TO 1 
P C  = PCC 

HC = Hcc 
P=ANS( 2 )  
POP=P 
SO= t ANSt  5 )* UTMOLF/l .  9 8 7 2  6) +ALPHA*ALOG ( P  /ALPHA t 
CUNTINUE 

BEGIN CALCULATIONS FOR CURRENT POINT 
GHtLI( TEMPERATURE RANGE UF THkRMUDYNAMIC DATA 
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1 1 1 7  
1 7  
19 
2 1  
2 2  
2.3 

1113 

2.5 

11.25 

2 7  
24  
31 

C 
C 
C 

3 5  
37 

38 

3 9  
40 

4 1  

4 1  
4 3  

285 
29 5 
44 

C 
C 
C 

49 

5 1  

57 

W 1 1 1 7  J=l.454 
A N S L A B I J )  =ANSL J) 
T=EXPL T L N J  
1F l C O t F T 1 7 r l J - T )  21,27127 
I F  L C L l t F T ( 7 . 1 ~ - 5 0 0 0 - 0 J  23r22.451 

W 1123 K = 1-15 
00 1123 J = 1.90 
L O t k T L K 9 J J  = C U E F T l L K * J J  

if ( I A D O - 2 )  5 l 1 3 l r 3 1  

CALL  S L I T E  ( 4 )  
(;o Ti) 19 
DO A 1 2 5  K a 1.15 
rK1 1125 J 1.90 
C3 EFT t Ks J ) <LIEF T 2  L K 9 J J 
LALL S L I T E  (41  
M TO 19 
I F  I T - C O E F T L 6 s l J J  29,35935 
I F  L 3 0 0 . 0 - C O t F T L 6 r l J )  25.221451 
CALL S L I T E T L 4 ~ K O O O F X )  

GO T D L 3 t l r 3 0 5 J r K O O O F X  

LEAVE FKUZEN PROGRAM I F  DATA FOR ANY SPECIES RUNS OUT 

I F  L I A G D - 2 1  51.37937 
CALL S L I T E T t  49KOOOF X I  
bU T U ( 3 8 s 4 1 J r K O O O F X  

CALL S L I T &  L41 
00 'to J = l r N  
I F  ( C O t r f T L 8 t J J J  40939.40 
1F ( E N L J J J  4 0 1 4 0 , 3 0 9  
LLlNTINUE 
GU TO 49 
DO 44 Jz1.N 
I F  ( t N L J J J  44.44942 
I F  (COEFTL59 J)+2U.O-T) 2 6 5 1 4 3 9 4 3  
I F  ( T - L O E F T t 4 1 J J + 2 0 .  01 295144144 
I F  15000.I)-CUEFT(SrJJ 1 44144r311 
l e  ( GO t F  14 4 9  J 1-3OO.G 1 44944131 1 
CONTINUE 

t)€L;IN I T E R A T I O N  

PCPLN=ALOG(PCP4IADDJ J 
IF(MNFR.CE.O)GC TO 5 1  
P=YC/PCPL I A U D J  
P L P  LN=ALUG(POP/PJ 
CPSUM =U.O 

T=tXPL  T L N J  
DU 6U J=l .N -~ _ _  - _. . 
I F  ( E N L J I J  60960.57 
CP SUM=CPSUM+ L L I (CLEF i l l 2  9 J 1 *T+COEF T (11 . J 1  J *T+COEFT ( 10. J J J *T+CO€FTL 

A9.J 1 J*T+COEFT( tltJ J l * E N ( J J  

1 t L U E F  T (99  JJ/Z.OJ*T 

A +CUEF T 1 Y r J J  J*T+CUEFTL 8.J) *T  LN+COEF T (141 J J - E N  LNL J)  

5 8  HO( J l =  L L  ( ( C O E F  T L  121 J J /5.0)*T+COEFT (11 1 JJ/4.0) *T+COEFT L 101 J J/3.0 J*T 

S (  J I= L L 1 t COEF T L 12 9 J J /4.0 1 * T+COEFT (1 1 9 JJ/3.0 J +TtCOEFT 4 101 J 1/2.0 1 *T 
+COEFTI  131 J J  /T+COEF T ( 8 r J J  

5 9 

60 CUNTlNUE 
SUM H=G.O 
N M  S=G.O 

SUM H=SUM H+HOLJJ*ENLJJ 
00 63 J = l , N  

6 3  SUM S=SUM S+S(J)*EN(JJ 

6 5  C A L L  S L I T E T L 4 ~ K l j O O F X )  
I f  ( I A D O - 2 )  81965.65 

Ti) (66 1 81 1 9 KOOOF X GO 
66 CALL  S L I T E  (4) 
6 7  u AN T = L  sun S+LALPHA*PCP LNJ-SO) /CPSUM 

C 
C CHECK CONVERGENCE OF THE I T E R A T I O N  
C 

T L N = T  L N - 0  L N  T 
if  L A B S 1 0  LN T)-0.5€-4) 73rf3.51 

13 CALL SL ITETL4rKOOOFXJ  
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8 1  
1181 

11191 

C 
C 
C 

19 1 

GU TO 117 117) r KUUOF X 
W 1181 J = 1.454 
A N S ( J 1  = A N S L A B t J )  
SUM H=T*SUM H/WTUOLF 
C P K = C P W H / W T M L f  

I f t (HNFA.GE.OJ.ANO.t IADO.EU.1)  JGO TO 209 
GAMHA=CPR / (C PR-t 1 O/WTHOL) 1 

I F (  (HNFR.GE.O).AND.(IADD.€Q.2) )GO T O  191 
I ~ ( l I A O D . t 0 . 2 1 - A N D . t K A P P A . E ~ . 9 9 J ) G O  TO 1 1 1 9 2  
GU TO 197 
CONTINUE 
P=PC/PCP( I A D D b  

fUHl=FL)I* t UTMOL-ZN2) / I  WTHOL*ZNZ) 
5 A V i  (1) = - t l . O / ( Z N 2  * CPR) + l o o /  G A M A  + fUH1) 
FUU l=f W* TC-T 1 / t  TC*T*1.98 7 2 6 )  *1000.0 

S A V l t  2 J = Z N 3 - f U U l  

f U I = T /  (2- 0*1 HC-SUHH) ) 

LN3=1OCO* O/tCPR*TC*1.98726) 

FUH A d  / t  2 O* ( HC-S UUH+ V W* 2*5.5 7 96 5 E-06 1 ) 
FUH l = F  Un 1/YTUOL 
S A V 1 t  3 )=1 .G/GAHUA-f U H l  

C H t C K  FOR CONVERGENLE AT THROAT 

CON T I N  UE ~ - .~ ~ ~- 
4002 UHSlAK=( HC-SUHH+V4**2/1.79223E05) *CV**2 

Z-GAMHA+T/ t 2.0* W THOL 1 

192 
193 

C 
c 
C 

1977 
19 7 

I F  At3 S( DHSTAR/ tHC +V4+*2/1.79223E+DS-SUHH 1 1-0 - 4 E - 0 4 )  197 197, 192 
I F  I I T R O T J  193,197,193 
P L P t  L) = D C P ( L I / L  1.0+2.O*DHSTAR*WTHOL/ (T* (GAUHA+l .O) lJ  

C A L L  SLATE (41 
I T K U T = I T H O T - l  
w TU 49 

CALCULATE PERF ORHANCE PARAUE TE RS 

CONT I N  UE 
SP I H P  = S4R T( 172.91  7 8 * ( H C - S U U H ) + V 4 * * 2 * 9 - 6 4 4 7  E-4) 

z*cv 
P=PC/PCPL I A D D )  
Ari=(d6.4579tTJ/(P*WTHOL*14.696006*SP I U P l  
I f  L iHNfH.GE.O)-ANO. (IADD.EQ.21) AYT=AW 
IF[ (1AOO.EQ.2) .AND.tKAPPA.E0.99))SAUT=AW 

2202 LSTAR =3L017+PC* 14 .696006*AYT 
203 IFt IKAU.kQ.O)GO TO 22203 

SPNET 1.0 of * s P I n P  ab.-+* ~.O-PFIELD/P * T I  SPIUP*WTUOL - v w o  
1F* 1.0 CDA /32.2 
CF=64.4*SPNET*AOAC*OlQO/(VO*UFl  
GO TU 11203 

2LLb3 CUNTINUE 
1120 3 CONT 1N UE 

&AT I O  =AW /AWT 
VAC L =  SP I HP+P* 14.696006*AW 
LF L IKAH-EU. 1 1 VAC1=86.4* L l .O+lX 1 *PF 1 ELD*T/ 

1f t IRAH.EO .OJCF=32.174*VAC I /CSTAR 
2L P*WTHOL* SPIMP )+SPNET 

VUACH =SP IHP/SURT t 86. 4579*GAUHA*T/WTHOL) 

ANSL3)=T 
2 0 7  ANUS(.?)+ 

209 HSUH=SUY H*1.98726 

22 3 

224 

1225 

L P = c P K * ~ . Y ~ ~ ~ ~  

if- IRAM .tQ. 1 s P I w  = SPNET 

ANSt  11 +CPt  I A D O )  
ANSL 15)=CSTAR 

WRITE ( 3 )  ( A N S ( I J , I = 1 , 4 5 4 )  

I F  ( H I S S E D )  451,223,451 

I F (  (MNfR.LT.0) .AND.(KAPPA.EQ-O) ) G O  TO 1225 
I F (  LAD 0- 2 11225 . 224 , 122 5 

TLN=TL N+ALOG 
I f  I I A O O - 2 5 )  225,2259451 

NO FKOZ=NU f U O L + l  

I ADD= I ADO +1 

PCP ( 2 )  4 ( GAHMA+l.CJ) /2.0) ** [ G A M A /  IGAHMA-1.0 1 1 
2 O /  t GAMMA+ 1.0) ) 
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LL5 IF  LPCP( iA0L.J) )  451.453.227 
22 7 

C 
c 
C 

30 5 
30 6 

30 7 
30 8 
449 

4 5  A 

2.09 
310 

A 3 1 1  

31 1 
312 

CALL S L I T €  ( 4 )  
Go TO 49 

ERROR P R I N T  OUT 

Y K I  TE ( 6 s  306 ) T  p I A D D  
FORHAT ' (17HLTHE TEHPERATURE=E12.4r26H K t  I S  OUT OF RANGEIPOINT 1 5 )  
IF (6000.0-1) 449.307.307 
I F  LT-200.0) 4 4 9 . 3 0 8 1 3 0 8  
GO TU 4 1  
HI S S t D = l  
ATRUT=O 

CALL S L I T E T 1 4 r K O O O F X I  

URATE (3) ( G (  I p A J  9 i = l r  8 0 4 4 )  
GO TO (51 t 51 J t KOOOF X 

AF( KAPPA. Ec). 99 )A U T=SA UT 
CALL COKE5 
RETURN 
WRITE 
FORMAT ( A 3 H 6 T H t  S P k C i E S  3 A 6 s 2 9 H  HAS NO DATA I N  THE INTERVAL 2F9.L) 
DO 1311 K = 1.15 
iK7 1311 J = 1.90 
C O t F T ( K t J 1  = C O E F T A ( K s J )  

* K I T E  (~,~AZ)ICOEFT(IIJJ.I=A~~).T 
FURHAT ( 1 3 H 6 T H E  SPECIES 3 A 6 t 1 9 H  HAS NO DATA AT T= F9.11 

( 6 s  310) (COEFT(1  9 J) ,I-1 131  r C O E F T ( 6 r  J) r C O E F T t 7 r  J) 

GO TO 449 

GU TO 449 
t N  U 

I I B F T C  C O N E 5  

SU8KUU T I N  E CORE5 
L NEM CUMHUN 
L 

COHHUN /KU S/KOK t J A D D i  t MNFR s i CONST . I  RAM. I Z E I  AR s 1 HOUt ICON 

CUrlMO N /KN 1/ SUB 1 . S u b 2  t SUB 3 t Y 1 r N  ZTYP t 

COHHUN /KN2/JEAMt  I T i U E 2  .UARDX~CONVEK~APEISAPE. 

CUHMUN/KN3/LONT.I JN tSPCP(  2 5 1  'KAPPA SAUT t OLDAWT t PCP 
CUMHL)N /KH l /COSTHs CD t CDA 1 TF sHEATC 1P2 .T2 rAMOL2 s V2 s GAM2 I 

CLlHMON /KM2/PP3P2 t C  VI V 4 1  JRAH 

2 l F R t Z  

Z I T Y P t  51,CUN(ZOJ sEEXP(2O)  s A K ( 2 0 )  

ZSAPEAvSAPE2s iNUHEsPPT 
T 

2PF 1 t L  0 VO s AUAC t U l Q 0 1 P 3 P 2  

C 
C t N O  O F  NEU CUHMUN 

C 
C OUTPUT R U U T i N E  
C 
C 

CUHHUN/APEAO/HNArHN2tHN3 

O i W t N S  ION 
1 A ( 1 5 . 4 6 )  PELMTLAS) 
2 1 A N S l 4 5 4 1  

U I M t N S l O N  80x4 A5l.BOF ( 1 5 1  s B O ( A 5 1  
U IMEIvS iON 

11 TLE (3 9 A 0 5 )  9 PAR ( 1 3 . 1 6 )  r DkRI 13 v 13 I 

AHUL 1 A 3  t 90) 
IJ IHENSION A S U L ( 1 3 1  

CUMHllN QOOOCW 7 7 O U l  
c u n n u N  c 

C c O n n u N  c 
t 4 U I V A L E N C E  ( A N S ( A 1  t C ( 4 2 A )  1 9  ( A N S ( 4 5 4 )  9 C ( 8 7 4 ) )  
EUUiVALENCE LPERCF. C ( A 5 5 7 ) J s  (EQUIVv  C ( 1 5 5 8 ) )  
EQUiVALENCE (OOF. C ( A 5 5 6 )  1 
E # U i V A L E N C E  O(O0E. C ( A 5 5 9 ) )  s (KASEI C ( 1 5 6 0  I ) 
E U U I V A L E k C E  (KONT. C ( A 5 6 1 1 )  9 ( N F s  C ( 1 5 6 2 ) )  
EQUiVALEbCE (NO. C ( l 5 6 3 1 )  t (NE. C ( 1 5 6 4 ) )  
EQUIVALENCE LlvOEQ. C ( 1 5 6 5 )  I 
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O A l A  4 0 0 0 C T / O 2 5 6 7 3 1 6 3 6 3 6 a /  
EX 1 T=O oooc T 
NARtA=O 

2 FURMAT (9HOCASE NO.I5.F8.1.F8.3) 
3 FUKMAT ( lH0164X.46HWT F R A C l I O N  ENTHALPY STATE TEMP DENSITY/  

1 2 5 x 1  1 6HCHEMICAL 
25HDEG K s 4 X s 4 H G K C )  

1 2 5 x 1  16HCHEMICAL FORMULA r 4 4 X  , lOH(SEE NUTE) 9 4Xs7HGAL/MOLg 
2 

FORMULA r 2 4 X .  10H 4 SEE NOTE) 9 4 x 1  7HCAL/  MOL *LOX 9 

4 FOKMAT ( l H 0 1 8 4 X , 4 6 H H T  FRACTION ENTHALPY STATE TEMP DENS I l Y /  

8 X s 5HUEG K * 4 X  9 4HG /C C J 
5 FOKHAT t 1H+s 63XvF9.51F 1 2 - 3  r 4 X s A l  rF10.2 rF11.6 I 
6 F OKMA T l 1H+ s 83X r F  9.5 tF  12.3 9 4 X s A 1  tF 10 - 2  s F 11 6 1 
7 FURMAT ( A H O , ~ O X I ~ H O / F  = F 9 . 5 , l W 1  PERCENT FUEL=F8.4.20H, EQJIVALENGE 
1 R A T I O = F  7 - 4 r l O H 1  OENSI TY=F 7.4) 
DO 60 1-1.13 

IF( I P n m - 2 )  550 .550 .551  

Go TU 5 5 2  

6 0  ASULL I ) = E X I T  

5 5 0  NANA=2 

5 5 1  NANA=1 
5 5 2  R€WIND 3 

KANE = NANA 
MEL = 1 
i FL HN F K . t O  .O ) K A N E = l  
IFLMtvFK.tQ. l ) M E L = 2  
00 2 G O  ME=MkL.KANt 

C T H I S  SHOULO TAKE CARE OF HEADINGS 
I F (  ( M E  &I -2) -AND. LMNFR. LT. 0) J I PROB=2 
KTAPE=O 

KTAPt=KTAPE+ 1 
HAL =AN S t  2 J *I 4.6 96006 
nALL=ANSt  1 9 )  

300 KEAU ( 3 ) L A N S ( l ) i I = l r 4 5 4 )  

I F ( M E - l h Z C 2 ~ 2 0 1 . L O 2  
2 0 1  LEN=NDEO 

2 0 2  LEN=NOFRUZ 

1 0 2  KUDk=O 

103 KONT=O 

1 0 6  J=34 

tiU TO 2 0 3  

203 I F t L E N - 1 3 )  1 0 2 1  1021103 

W TO 106 

K U D t =  13 

DO 1 0 4  I = l r N  
DO A05  11=1 .3  
K K = J + I  I 

105 T I T L E (  11, I ) = A N S ( K K J  
A04 J=J+4 

M A Y = l  
A000 WHITE (6r18h 
18 FOKMAT ( A H 1 1  

€ALL tt6m 
ASSIGN 2000 TO LENN 

LOU2 ASSIGN 90 TU JEAN 
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92 W K l T t  (6,2JKASE.HAL,OOF 
GU TO J E A N s ( 9 0 1 9 1 )  

90 I F ( K O 1  4 3 1  94193 
94 WKITt (6.3) 

W TU 57 
93 W K I T t  (614) 
9 7  I F l N F )  15113501351 

3 5 1  00 100 i = l r N F  
I i = l  
M H = 1 5  
CALL SPEC 
I F ( K 0 )  401 14001401 

w TO 100 
400 WKiTE ( 6 ~ 5 ) A L I , 3 4 ) ~ A ( I ~ 3 2 J 1 A ( I 1 4 2 ) , A ~ l ~ 4 4 ) ~ A ( I ~ 3 6 )  

401 WRITE ( 6 1 6 J A L I 1 3 4 )  , A l l  132) , A l l  1421 r A ( I  144) 1 A l I 1 3 6 )  
100 CUNTINUE 
350 
35 3 

410 

41 1 
10 1 
352 

2000  
5G 

51 
52 

5 3  

56 

6U 1 
60 2 

6 0  0 
8 

I F ( N U ) 3 5 3 ~ 3 5 2 r 3 5 3  
OU 101 I = l .NO 
11=i 

CALL SPEC 
nn=o 
1 F ( K 0 ) 4 1 1 r 4 1 0 ~ 4 1 1  

LUN T I N  UE 
CONTINUE 
WRITk (61 7)UOF ,PERCF ,EQUIV,HALL 
60 TU L E N N ~ ( L 0 0 0 ~ 2 0 0 1 )  
I F ( K U D € J 5 l r  501 51 
IN=L€N 
t iU TO 5 6  
I F ( h U N T 1  5 3 1 5 2 1 5 3  
I N  =KU Ok 
KONT= 1 
GU TU 56 
IIY=L€N -13  
K J O t = O  
CALL KEA0 
I F (  I P R U B - 2 ) 6 0 0 ~ 6 0 0 ~ 6 0 1  
Y H I T t  (61 602 J 
FUHHAT ( 3 7 H O E P U I L I B R I  UM THEKHOOYNAMIC PROPEKT 1 E S )  
L A L L  P W P A R  
GU TO 506 
W K l T t  (618) 
FdKHAT ( 1lHOPARAMkTERS) 
H A Y S  = HAY 
I F  (MAY .tO. 2 )  GO TO 7001 

I F  ( (  KOK .€Q. 1) .AND. (HE .EO. 1)) GO TO 7302 
I f L M N F I (  .N€.lh GU TO 7010 
I l - (  I(dK.tQ.0 1 GO TO 7 0 0 0  

if  ( (  KOK .ta. 01 .AND. (ME .Ea. 1)) GO TO 7300 

bU TU 7002 
C ME = L AND I HAVE 6 E X I T S  
7010 HAY = 2 

I t  (LKUK.EQ.0) .AND. (KAPPA . E a .  9 9 ) )  GO TO 7003 

W TO 7001 

ASSIGN 63 TO MN3 
tiU TU 5011 

7 0 0 1  ASSIGN 64 TO HN3 
GU TU SO11 

7 0 0 2  A S S l b N  9000 TO MN3 
GU TO 5011 

7003 ASSIGN 9002 10 HN3 
9011 LUNTINUE 

7C00 iF IKAPPA.EQ-99JGO TO 7002 

Gb TO M N 3 t L 6 3 t 6 4 r 9 0 0 0 r 9 0 0 2 1  

n R I T E  ( 6 , 6 1 J ( A S U L ( I ) , I = l *  KK) 

H N l = l  
H N Z = l  
Gir TO 05 

63 KK=IN-2  

6 1  F U R H A T  ( lH01 26X.7HCHAHBER14X17HTHROAT 1 1 0 ( 3 X 1 A b I  13X1A4) 

64 Y R I T E  ( b s 6 6 ) ( A S O L L I J  , I= l . IN)  
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Illlll11lll1 I1 I I I  I I1 

6 6  FUKMAT ( l H O t  1 5 X t 1 3 ( 3 X , A 6 )  1 
MN 1=2 
NNL=Z 
GU TO 65 

9 U 0 0  KK=IN-2  

900 A 

9GU2 

9 w 3  

6 5  

20 5 
99 

9 

50 3 

5 0  2 
5 0  4 
LO 6 

A0 

20 7 
16 

nc, 

81 

82 

11 

12 

13 

1 4  

86 

15 
85 

9 1  
11 Y 

WK I T E L  619001 1 (ASOL ( I 1 1 I = l  1KK) 
F U K H A T ( ~ H ~ ~ A ~ X I ~ H C H A M B E R ~ ~ X ~ ~ ~ ~ € X I T  . 1 0 ( 3 X t A 6 1 r 3 X 1 A 4 1  
M N l = l  , 
M N 2 = 1  
GO TO 05 
K K = I N - 2  
WKITE ( 6.9003 ) (ASOLt  I 1 11 =1 1KK) 
FURHAT ( 1HO s 16x9 7HEXI  T 1 4 X  t 7H THROAT 9 1 0  13X t A 6  1 t 3 X t  A 4 )  
MN1=2 
bINd=2 
CONTINUE 
CALL P W P A R  
MAY = MAY S 
IF(HE.NE.1IGO TO 206 
WKlTE (6.99) 
FUKHAT(1H 1 
W R I T t  (6 ,FJ  
t U k H A T  IAZHODkR I V A T I V E S )  

CALL PtROER 
GU TU 5 0 4  
CALL P W U E Y  
CU N T I N UE 

W R I T E  L 6 , l G )  

GU TU ( 5 0 2 1 5 0 3 ) t H N l  

WRITE (6199) 

~ U K M A T  ~ ~ ~ O M U L E  FKACTIONS//) 
CALL c u w  
A 5 S I 6 N  3bOO TO LEN" 
Y K I T t  46,161 
FORMAT I A H d t 3 0 X t l 6 H I N P U T t  G-ATOMS/G//I 
I F ( I \ & 8 ) 8 O t 8 0 1 & 1  
h K = l  
KKK=NE 

LUUP= 1 

K K = i  
KKK=B 
LuUP=2 
00 85 J=l.LOoP 
WRITE (6,111 I E L M T  ( I 1 s  I = K K ,  KKK1 
FUKHAT ( l l X , 8 ( 6 X , A 2 1 7 X ) )  
W R l T t  16,12) ( t lOF I I ) ~ I = K K I K K K )  
FOKMAT ( 5 l i  FlJ€L1bX18€15.7) 

fiUKMAT (8H OXIDANTt3X.8E15.7J 
WKATt I b 1 1 4 ) ( B ( i  ( I ) , I=KK,KKKI  
tUKMAT ( 1 1 H  PKOPELLANTtUE15.7) 
i f  (LOOP-1) €6185.86  

bu TO a2 

WKATt (0113)1BOX I I ) , I = K K , K K K )  

h K = 9  
KKK=NE 
WKITE (6.151 
FUKHAT ( 1HO 1 
L 0 N T  I N  UE 
ASSIGN 9 1  TO JEAN 
GO TU 9 2  
WRITE (6,119) 
FUKMAT (bHONUTE.12X17lHWEIGHT FRACTION OF FUEL IN TOTAL FUELS AND 

1UF UXIOANT I N  TOTAL OXIDANTS1 
LU TU LEN", (30001300A) 

3000 I F ( K U D E ) Y 6 1 Y 5 *  96 
9 6  HAY=EIAY+l 

L;u TU 1000 

I F  4 NAR EA) 7 0 2  I 7 0 1  t 7 0 2  
9 5  AFL i P R U B - 2 ) 7 0 0 ~ 7 0 0 . 7 0 1  
700 
7 0 2  IN=NARtA 

LUrrlT I N  UE 
AFLKUP ) 4 0 0 1 1 ? 0 1 r 4 0 0 1  

4b01 I F  ( M E -  1) 7 0 1 7 1 t 7 U  
7 0  WRITE (6,4000) 

4000 FUKMAT(1HA. 25X1 75HTHEORETiCAL ROCKET PERFORMANCE ASSJMING FROZEN 
1CUHPUSITION DURING EXPANSION/ 
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245XtL4HFOR ASSIGNEO AREA RATIOS) 
GO TO 5050 

7 1  WRITE (6150001 
5000 FOKHAT t 1 H l r L S X t  BUHTHEORETICAL ROCKET PERFORMANCE ASSJMING E Q J I L I B  

l K l U M  COMPOS1 T I  ON OUKING EXPANSION/ 
245Xt24HFOR ASSIGNED AKEA RATIOS) 

SO50 CONTINUE 
ASSIGN 2001 TO LENN 
Gi) TU ZOO2 

ASSiGN 3b01 TO LEN" 
GO TO 207 

2001 CUNTINUE 

3U01 CONTINUE 

2i)e) NANAS0 
200 CONTINUE 

KETURN 
EN 0 

7 0 1  I F L N A N A - l ) 2 0 8 r 2 0 0 t 2 0 8  

S I b F T C  PERPAR 

L 
C 
c 

C 
C 

C 
C 
C 
C 

C 

SUt lROUTINf  PERPAR 
NkW CUnHON 
NtW COHHON 

CUHMLIN /KOS/KOKt JADO I ,MNF R t  I C O N S T t I  RAUt I Z E I A R t  I ROUt ICON. 

CUHMO N /KN A/ S UB 1 t SUB2 t SUB 3 t Y T t NZT Y P I 

LOHHUN /KNZ/JEAHt I T I M 2  ~DARUXSCONVERIAPE t SAPEt 

COMHON/KN3/KUNT 11 J N  tSPCP (25) *KAPPA tAWT rOLDAWT t PCP 1 
CLIHHJN/RH l /COSTH.CDtCOAtTF rHEATCtP2 t T 2  rAMOL2 1V2t  GAM21 

COMMON /RH 2/PP 3PZsCVt  V 4  t JRA H 

2 I f R E L  

2 1 T Y P L 5 J ~ C O N L 2 O ) s E E X P L Z O )  tAKLZO) 

Z S A P € l  I SAP €2, INUM€ .PPT 

ZPFIELD~VO~AOAC . P A Q O , P ~ P ~  

EN0 O F  N€W COMMON 
CUMMUN/AP E l O / M N l t H N 2 r M N 3  

OUTPUTS PERFURMANCE PARAMETERS 

OIHENSION P A R ( 1 3 ~ 1 6 ) i N N L 1 3 )  
CUHHON C 

LOHMON C 
t O U l V A L t N C E  LKODkt  CL 1768) 
tdU IVALENCE ( IN,  GL8046))t (MAY. C L 1 7 6 7 ) )  
E d U I V A L t N C t  (PAKLA),  C ( 8 3 7 0 1 ) t  ( P A R ( L O 8 ) t  C L 8 5 7 7 ) )  
t d U I V A L E N C E  (ME,  C ( 1 7 6 9 ) l  

LJMMUN c)ooocn( 7700) 

10 FURHAT L 5 H  P C / P t l O X )  
1 1  FLIKHAT ( 8 H  P t  ATM .7X) 
12 FJRMAT ( 9 H  T I  DEG K 1 6 X 1 1 3 1 9 )  
13 fOKHAT ( Y H  H t  C A L / G t 6 X t 1 3 F  9.1) 
1 4  tOKHAT L15H SI C A L / ( G ) ( K I  13F9.4) 
1 5  FUKHAT ( 1 0 H O M .  MOL WTt5Xt13F9.3)  
16 FURHAT ( l l n  L D L H / U L P ) T t 4 X t l 3 F 9 . 5 1  
1 7  Fdh t IAT  ( 1 l H  ( D L H / D L T ) P t 4 X r l K 9 . 4 )  
18 FUKHAT ( 1 5 H  C P t  CAL/L(.)LK113F9.4) 
1 9  FOKHAT ( 6 H  GAMMAt9X113F9.41 
20 FUW4AT ( 1 1 H  MACH NUMBkRt3Xt13F9.3)  
21 FOKMATLl jHOCSTARt H / S E C t 2 X t 1 3 1 9 1  
22 kOKHAT L3H C F t 1 2 X t l Y 9 . 3 )  
23 FOKMAT 46H A t / A T t 9 X t 1 3 F 9 . 3 )  
24 FUKHAT(1UH I V A C t  SECt5Xt13F9.1)  
25 FURHAT(7H I t  SECs8X113F9.1) 

IF(KAPPA.EO.O)GO TO 100 
01) 101 I = l , I N  
P A K l l  t lS)=PAU( I t  15)*A*T/OLOAWT 
IFL IKAM.tLl.0) 

PAKLit11)=PARLIt1l)*OLDAWT/AWT 
ZPAK I116 32.17WPAR I t 1 4  /PAR I t 1 5  

A01 CUNTINUE 
100 CUlvTINUE 

I F (  KUD& 1 12. 1 t 2 
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ll111111111IIl I I I I 

1 W R I T t  (611111 
111 FORMAT (8HOPs ATM 17x1 

GU TU 3 
2 W K I T t  (6,101 

LALL  VAR(1121  
k K I T t  (6.111 

3 CALL VAR(Z.21 
DO 60 i = l r i I J  

WRlTk ( 6 , l Z ) ( N N ( i I 1 I = l , I N I  
Y R l T t  ( 6 ~ 1 3 )  l P A R ( I 1 4 1  r i = l r i N l  
WKITE L 6 v 1 4 1  ( P A K ( I s 5 ) 1 i = l , I N )  
WRiTE 1 6 1 1 5 ) ( P A R ( I s 6 )  , i=A, iN)  
I F  ( M E  .kO. 21 GO TO 5 

6 WKITE (6,161 ( P A K ( 1 1 8 1 , i = l s I N )  
WRITE 1 6 , 1 7 I ( P A K L I , 9 1 , 1 = l i I N )  

5 (JKITE ~ 6 ~ 1 B J ( P A R ( I , 7 1 ~ i = l ~ i ~ J  
H K I T E  
I F l K U D t - A 1 4 1 r 4 C , 4 1  

6 0  IuN 1 I J =PAR I I ,  3 I +. 5 

16, 1 9 )  IPAKL 1.10) r I = l  , IN1  

4 0  KETURN 
4 1  n R i T k  l 6 r Z O )  I P A R ( I . 1 2 )  * i = l * I N J  

6 1  

5 0  

3 1  
32 
33 
3 4  
35 

51 

00 61 i = l , i N  
NNI I j =PAR ( I s  15 I + .  3048+. 5 

GU TO ( 5 0 r 5 1 ) * H N 2  
kK1TE ( 6 ~ 3 1 ~ ~ N N ( I ) , 1 = 2 ~ I N I  

WRITE ( 6 1 3 3 )  
CALL V A K t l l . 2 J  
WKITE ( 6 ~ 3 4 1 ( P A R ( I ~ l 4 1 , 1 = 2 t l N )  
W K I T t  (6,354 ( P A R I I . 1 3 )  1 i = 2 1 I N )  
FOKMAT ( A~HOCSTARI 
FUKMAT L3H C F  s21X1 1LF9.31 
FOKMAT ( 6 H  AE/AT1 1 8 X ,  12F 9.3 I 
FURHATLAOH I V A C t  S E C , ~ X S ~ X ~ A ~ F ~ . ~ J  
tUKMAT(7H i s  SkC18X,9Xs lZF9r  11 

YKATt  4 6 r 2 1 1  ( N N I I ) ~ I = l , i N l  
Y A I T E  ( 6 s 2 L ) ( P A R ( I  1 1 6 ) 1 1 = 1 1 I N )  
WRITE (6 ,231  
LALL VARl l l r 2 )  
WHITE 
W K I T t  

MlUL=MN 2 

nnxrE ( ~ . ~ ~ ~ ( P A K ( I ~ A ~ J  ,I=Z,INI 

M / S t C  1 2 X , 9 X i l Z I  9 1  

KETUKN 

f 61 2 4 1  (PAR 4 I ,141 r i = l  r i  N) 
( 6 1 2 5 )  (PAR( 1,131 , I  = A  , IN1 

RETURN 
END 

S 1 BF TC PEKUER 

SUBKUUTINE PERDEK 
LONMLlN/AP ElL/HCL,PCC 1500 r Z N Z r Z N 3 r S A V ( 3  I rSAV113 I 
CL)HMUN/UN3/ANY( 2 7  I *KAPPA *ANY1 ( 3  I 
CUHHUN /AP E 13/SPL t 131 

C 
C OUTPUTS PERF ORMANCE DER1 VAT1 VE S 
C 
C 

OlMtNSION P E R ( 1 3 ~ 1 3 1  
LUNHUN L 
LOHMUN POOOCMl77OOJ 

C COMMLlN C 
EQUiVALENCt  ( I N ,  C ( 8 0 4 6 1  I 
EUUIVALEkCE (PER(11,  C ( 1 0 4 3 8 ) )  1 ( P E R ( 1 6 9 )  1 C ( 1 0 6 0 6 1 )  
iF(KAPPA.Nt.991GO TU 100 
00 110 i = l r i N  
P t K  ( I v 3) =PER 4 I 
P t R L  i 1 8 )  =PER ( I I 9)-SA V l  ( 2  I 

4)-SA V l  

YEK(1 ,  1 3 I = S P L ( I ) - S A V l L 3 1  
110 LONTiNUE 
1UG CONTINUE 
1 FURHAT ( 15HO(DL l /DLPC 1 P C / P l 3 F  9.5 I 
2 FORMAT ( 1 5 H  (OLT/DLPCIPC/P13F9.51 
3 CORMAT L16H (DLAR/DLPCIPG/PFB.S.l2F9.51 
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4 F O K H A T  ( 1 6 H  ( D L C S / O L P C  J P C / P F 8 . 5  r 12F9.5 ) 
5 FUKMAT ( 1 5 H O t  DL I / D H C  ) P C / P * 1 3 F 9 . 5 )  
6 k-I)RMAT ( 1 5 H  ( O L T / D n C J P C / P * 1 3 F 9 . 5 )  
7 FLJKHAT ( 1 6 H  (OLAK/OHC J P C / P * F 8 . 5  r 1 2 F 9 . 5 )  
8 FUKMAT 4 1 6 H  ( O L C S / D H ( : ) P C / P * F ~ . ~ ~ ~ Z F ~ . ~ J  
9 FORMAT ( 1 6 H  * ( H C  I N  K C A L / I ; ) )  

10 FORMAT ( 1 3 H O t  UL I / U L P C P  J S r 2 X  r 13F9.5 J 
11 FORMAT (13H L O L T / O L P C P t S r Z X r 1 3 F 9 . 5 J  
12 F O A h A T  4 1 5 H  ( D L A K / D L P C P )  5 13F9.5)  

YRA T t  (6.1 J 1 P E K  ( I t 2 J t 1=1 i I NJ 
W R I T E  ( 6 9  Z J  ( P E R (  i t 1 1  r I = l  r 1 N J  

W R I T t  ( 6 9  42 ( P E R L I  i 5 )  tI=1 r I  N) 
W R I T t  L 6 i 5 J ( P E H ( I t 7 J r I = l r I N J  
W R I T E  (6.6) ( P E R L I  r 6 J r I = l  i I N J  
Y R I T t  ( 6 , 7 J ( P E R ( I t 8 J , I = l t I N J  
U R  I T t  
WRIT€ ( 6 ~ 9 1  
WKlTE ( 6 r 1 0 J  ( P E R ( I r  121 t I = l r i N J  
WK I T t  ( 6 s  11 f ( P E R  4 I i 11 ) r I = l r  I NJ 

W R i T E  l o l  3) L P E A ( I . 3 i  . I = l . I N )  

( 6 9  81( P E R (  I t 1 0 )  i1=1 r I N )  

WKITc L6i 12) ( P E R (  I ,13 J ,1=1 * I  NJ 
KETUKN 

EN 0 

SILJFTC P t K D E Y  

bOBKL1UTINE P E R U t Y  
COMMON /AP k l l / H C C  p P C C  I SO0 e L N 2 t Z N 3  r S A V 1 3  J t S A V l ( 3  J 
LUMMUN /KN 3 / A N Y  ( 27 J i KAPPA .ANY 1 L 3 ) 
COHML)N/AP t / ; l / S P L (  131 

c 
C U U T P U T S  P E R F U K H A N C E  U E R i V A T I V E S  
C 
C 

D I M E N S I O N  P E R ( 1 3 t  13) 
CUMMUN C 
COPINON UOOOCH( 77001 

C CLlMMON C 
E U U I V A L W C E  L I N .  C (8046) J 
c 4 U I V A L E N C E  ( P k R L l I t  C(10438J)  r ( P E K ( l 6 9 J t  C ( l 0 6 0 b J J  
I F L K A P P A . N E . 9 9 J G O  TO 100 
00 110 I = l i I N  
P E K  ( I t 3 J = P E K  ( I t 4 1 - S A V 1  
P E K ( I t B J = P E R ( I r 9 J - S A V i 1 2 )  
P t K  I I 1 13) = S P L (  I )- S A V 1 (  3 J 

110 CUNTANUE 
1UO C U N T I N U E  

1 FUKMAT I 1 T H O ( O L I / D L P C  ) P C / P i 9 X r l Z F 9 . 5 J  
2 FOKHAT ( 1 5 H  ( D L T / D L P C  J P C / P 1 3 F Y .  5) 
3 FUKMAT ( 1 6 H  I D L A K / D L P C ) P C / P r B X r 1 2 F 9 . 5 )  
4 FirKMAT 1 1 6 H  L D L C S / D L P C ) P L / P i B X i l Z F 9 . 5 J  
5 t O K H A T  
6 I W K H A T  L 1 5 H  ( O L T / D H C  ) P C / P * 1 3 F 9 . 5 )  
7 FOKMAT ( 1 6 H  (DLAK/OHC ) P C / P * t B X r 1 2 F 9 . 5 )  
6 FOKMAT ( 1 6 H  ( O L C S / O H C  J P C / P * r B X t l Z F 9 . 5 )  

( i 5 H O (  OL I / D H C  J P C / P * t  9x1 L2F9. S )  

9 t u i l M A T  ( 1 6 H  * ( H C  IN K C A L / G J J  
10 f UKHAT ( 1 3 H O L D L I / D L P C P  J S t 11 Xrl2F9.5 J 
1 1 FOKMAT I 1 3 H  ( D L T / D L P C  P )  S t Z X t 1 3 F  9.5 ) 
1 L  FOilMAT 4 1 5 H  ( D L A K / D L P C P J S  9 X r l 2 F 9 . 5 J  

WK I T €  (6. A J L P E R  1 I r2 J r 1=2 t  I N J  
W R l T t  ( 6 ~ 2 ) ( P t K (  1 r 1 J t I = l r l  NJ 
W'K i T t ( 6 s  3 ( P E R  t I t 3 J i I =2 i I N ) 
WR I it ( 6 s  4 )  ( P E R (  I s  5 )  i1=2 t1  NJ 
*KATE (6. 5 ) ( P E H ( I t 7 J t 1 = 2 r I N J  
W K l T E  (6. 61 L P t R (  I t 6  J r I = l r l  N J  
W A I T €  (6. 7 ) ( P E R ( i r B J r I = 2 r I N J  
WR I T E  (6, 8 ) ( P E K (  1.10) i I = Z r I N J  
Y K I T E  46191 

W K I T E  ( 6 t 1 1 J  ( P E R (  1 r l l  J t i=1 t I NJ 
W R I T E  L6t12)(PtR(ir13jrI=ZrIN) 

W R i T E  ~ 6 r 1 0 J ( P t R ( i r 1 2 J t I = 2 t l N )  

KETUKN 
k N D  
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S l B F T C  VAR 

SUBROUTINE VARLINOEX,Kl) 
C 
C S P E C I A L  FORMAT FOR PC/P.P. AND AE/AT 
C 
C 

OIMENSION FMTL 3) rPARL13.16) rTEHL4) ,AH 
COMMUN C 
COMHUN 4OOOCHL 77001 

C CDILHUN C 

4 )  rTEMM 13) 

E U U I V A L W C E  LINI C L 8 0 4 6 ) ) 1  (NAY. C L 1 7 6 7 J )  
EUUIVALENCE ( P A R ( l ) r  tL8370)). ( P A H L 2 0 8 ) r  C L 8 5 7 7 ) )  
DATA PGOOC T/O11330034606O/  
2 EHO =P COOC T 
DATA P 0 0 A C T / 0 1 1 3 3 0 1 3 4 6 0 6 0 /  
U N t = P 0  01C T 
UATA UGOZC T / 0 1 1 3 3 0 2 3 4 6 0 6 0 /  
TkO=PGOZCT 
UATA P C 0 3 C T / 0 1 1 3 3 0 3 3 4 6 0 6 0 /  
T H H = P  0 03C T 
DATA QG04C 1/01 13304346060/ 
F R =Ob 0 U T  
DATA P C05C T / 0 6 0 0 1 0 4 6 7 7 3 2 6 /  
TEHHL 1 )=QOO5CT 
DATA PCObC T / 0 6 0 0 2 0 3 6 7 7 3 2 6 /  
T t f l M t  2 ) = 0 0 0 6 C T  
DATA P U 0 7 C T / 0 6 0 0 3 0 2 6 7 7 3 2 6 /  
TEMH( 3 )=Q007CT 
DATA 0 0 0 8 C T / 0 6 0 0 4 0 1 6 7 7 3 2 6 /  
TEHHL 4)=POO8CT 
DATA 4 CG9CT/ObLO500677326/ 
TEHMt 5J=UOU9CT 
DATA P 0 1 0 C T / 0 6 0 0 5 1 1 6 7 7 3 2 6 /  
T f H M L  6 ) = 4 0 1 0 C T  
DATA U C11C T / 0 6 0 0 6 1 0 6 7 7 3 2 6 /  
T E H M l 7  ) = U O l l C T  
DATA P012CT/06000707677326/  
TEHMt 8 )=UOlZCT 
DATA P 0 1 3 C T / 0 6 0 1 0 0 6 6 7 7 3 2 6 /  
TENML 9)=PO13CT 
OATA P C A 4 C T / 0 6 0 1 1 0 5 6 7 7 3 2 6 /  
TEHML LCI=PO14CT 
UATA P 0 1 5 C T / U l 0 0 0 4 6 7 7 3 2 6 /  

DATA P 016C T / 0 1 0 1 0 3 6 7 7 3 2 6 /  
TEHHL 12)=Q016CT 
OATA U O 1 7 C  T / U 1 0 2 0 2 6 7 7 3 2 6 /  
TEMPI( 1 3 ) = 4 0 1 7 C T  
DATA QClBCT/O 7 4 0 1 3 0 2 0 7 3 6 0 /  
FH T L A 1 400 18C T 

T E M n i  i i ) = ~ o i 5 ~ ~  

I F  l K 1 - 2 ) 1 b 1 1  1OC.101 
1 U O  IFLINOEX-K111,2.3 
101 if( i N D € X - K 1 ) 3 i l r 2  

A T f M (  A)=l.OE04 
TEH( 2 i =1.0€05 

AHL 2 )  =TYO 
AM( 31 = W E  
AM( 4) =ZEHO 
L;i) TO 4 

2 TEM(1)=1.0 
TEM(2)=10.0 
TEHL31=100.0 
AN( 11 =FR 
AH4 Z)=THR 

AML 4) =ONE 
Go TU 4 

3 T f M L i J = l O . O  
TtM(Z)=100.O 
T EH ( 3 i =1O 00.0 
AH( A)=THR 
A n t  2)=TwC 
AM( J)=QNE 

A n  ( 3 )  = in0 
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I 

A M 1  4 J  =ZERO 
4 DL) 5 1=11 I N  

I F  11-11 5 3 1 5 0 1 5 3  
5 0  I F  (MAY-11 53 .52953 
52 I F 1 I N O t X - l l J  5 3 1 5 1 5 3  
5 3  CUNTlNUE 

F M T I L ) = T E M M 1  I J 
00 6 Jz1.3 
I F ( P A K ( I , I N U E X I - T E M ( J l  1 1 0 1 6 1 6  

LO l -HT(J)=AH(JJ  
11 W K l T t  ( 6 1 F M T I P A K ( I 1 I N D E X l  

GLI Ti l  S ~ - -  
6 LUNTINUE 

FM 1 1 3)  =AM ( 4J  
C i K l T t  (6rFMT)PARL I t I N O k X 1  

5 CUNTINUE 
K t T U K N  

t N  0 

I I B F T C  HEAO 

SUl3KOUl INt  HEAO 
CLlHMilN /KU S/KOK 1 JAUU 1 ,MNF R t  I CUNST . I  KAHs I Zt I AR t I ROUS I CONI 

Z I F R t L  

254HROCKkT ENGINE PEKtUKMANCt E U U l L I  BRIUM NOZZLE EXPANSION) 

249HRUCKET ENGINE PERfORMANCt FROZEN NUZZLE EXPANSION) 

272HKUCKET ENGINE PERFURMANCE NOZLLE EXPANSION WITH SPECIF I ED FREE2 
3 I N G  P L i I N T l  

25uHKUCKET E N G l N t  PtRFORHANCE NOZZLE K I N E T I C  EXPANS ION1 

1 I-UKMAT 1 l H l , l O X ,  

2 FUHMAT ( 1 H 1 ~  1OX 1 

3 FUhMA r 1 1H1v 1 OX, 

4 FUKMAT ( 1 H 1  1 16x1 

5 F U K M A T 1 L t i l . l O X ~  
276HSUPERSONIC COMBUSTlON RAMJET ENGINE PERFORflANCE E Q U I L I B R I U M  NO2 
3ZLE EXPANSION) 

6 FUHMAT 1 l H l .  1OXs 
271tiSUP WSONIC COMBUSTION RAMJET ENGINE PERFORMANCE FKOZEN NOZZLE E 
3XP ANS I ON ) 

7 FUKMAT ( 1H 1 1 1OX 1 

2 9 4 H S b P W S U N I C  CUMBUSTION RAMJET ENGINE PERFORMANCE NOZZLE EXPANSID 
3N WITH S P E C I F I E O  FKEELING POINT1 

L72HSUPtKSUNIL  COMBUSTIUN RAMJET fNG1 NE PtRFORMANCE NOZZLE K I N E 1  I C  
3 tXPAN S 10N 1 

8 FUKMAT 11H1, 10x1 

9 fUKMAT(lH1.1OXs 
274HSUBSUNIC LOMBUSTION RAMJET ENGINE PERFORMANCE E O U I L I B R I U H  N O L Z L  
3 t  EXPANSION) 

2 6 9 H S U B S U N I C  LUMBUSTIUN RAMJtT ENGINE PERFORMANCE FROZEN NOZZLE EXP 
3AIUSIbN J 

LYLt iSUBYlWIC CUMBUSTION RAMJET ENGINE PERFORMANCE NOZZLE EXPANSION 
3WIiH S P t C l F I E O  FKEEZING P U I N T l  

27OHSUBYINIC COMBUSTIUN RAMJtT ENGINE PERFOKMANCE NOZZLE K I N E T I C  EX 
3PArUSION) 

10 I-URHAT ( 1 H 1  s LOX t 

11 FOKMAT ( 1 H 1  t 1OX v 

12 F U K M A T ( l H l . l O X 1  

IFL ~ ~ O K . t U . O ~ . A N O . ~ I R A M . E ~ . O l l G O  TO 100 
I F  L tKlJK.tU.0) .ANU. (IRAM.EP. 11 )GO TO 200 
I F ( L ~ O K . E O . 1 I . A N U . ( I R A M . E O . l J ) G O  TO 300 
CO TO 400 

IF(NNFK.EQ.0) 
2WRlTE 1 61 1) 

I F (  MNF R.EQ. 1 I 
2WnITE(  6.2 1 
IF L MN F R.EU .- 1 I 

L Y K l T t l 6 . 3 1  
I F  1 MN FK. t U  .- 21 

LYRITE16.4)  
GU TO 4OU 

I F  (MNF R.EQ -0 I 

IF  (MNF K.EU- 1 J 

100 CUiYTlNUE 

300 LUNTINUE 

2YK 1 TE t 61 5 1 
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2WRITt46r6) 

2WK 1 T t  4 61 7 ) 

2 Y K l T E  [ 6s 8 J 

A I-( HN FK.ECI e- 1 J 

I F  (HNF R.EQ .-21 

GU TU 4UO 

I F  ( HN F K-EU. 0 ) 

LF(  MN F K . E Q .  1 J 

IF(HNFR.kO-- l )  

I F  ( HN F R. EO .- 2 )  

ZOO CONTINUE 

2WR ATE L 61 9 8 

ZWKITE(6rLO) 

2 Y R l T k (  6.11 J 

LWRITE(6tLZ) 
4 0 0  CUNTINUE 

K t T U K N  
t N  u 

S I B F T C  REAO 

ANS ( 4 5 4  1 

SUtiKUUTINE READ 
CUHMON /L\P E13/SPL(  13) 

C 
C SORTS k M T  I S  ON TAPE 3 
C 
C 

DIMENSION P A K ( 1 3 t 1 6 ) t D E R ( l ~ t l 3 l  t 
O I M t N  S ION 
CUHHON C 
COMHUN 0 0 0 0 C H (  7700) 

AHOL t 13 t 90) 

L COMMON C 
t U U I V A L t N C E  ( A N S ( 1 l  t C L 4 2 1 )  J s  (ANS(454)  9 C ( 8 7 4 )  1 
tQUlVALENCE (LENS CL1766))t (HAY. C ( 1 7 6 7 ) )  
t t J U I V A L t N C E  (LOOP, C ( 1 7 7 0 ) )  t LKTAPEt  C ( 8 0 4 5 J J  
EUUIVALENCE ( I N ,  C ( 8 0 4 b ) )  
EUUIVAAtNCE LNNt C ( L 3 2 9 ) )  
tPUIVALENCE L P A R ( 1 ) t  C l 8 3 7 O ) ) t  (PAR(ZO8) t C ( 8 5 7 7 J )  
EUUIVALtNCE ( A H U L ( 1 ) t  C ( 9 2 6 8 )  J t ( A M O L ( 1 1 7 0 ) r  C ( 1 0 4 3 7 ) )  
t t J U I V A L t N C E  ( D t R L l ) r  C L 1 0 4 3 8 ) )  t ( D E K ( 1 6 9 )  t C110606)) 
W 1 I = l t I N  
DO 2 J= l t16  

2 P A R ( I t J ) = A N S ( J )  
N = l  
W 3 J=20r32 
U t K L  I t N ) = A N S ( J  

3 h = N + l  
SPLL I )=ANS(33)  
N= 1 
J=38 
Du 4 J J Z l t N N  
AMULl I t N J - A N S I  
J=J+4 

4 FI=N+1 

I 

A F L K T A P E - L E N 1 1 0 0 ~ 1 t 1 0 0  
100 READ (3) ( A N S l K ) t K = l r 4 5 4 )  

K TAPE =KTA P E+ 1 
1 LUNTINUE 

KtTUKN 
t N  D 
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Figure 2. - Graphical solution of sudden freezing analysis for 
hydrogen-fueled ramjet wi th 15"-conical nozzle and 
15.24-centimeter throat radius. Nozzle area rat io at freezing 
point, 6.0. 
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Figure 5. - Comparison of calculated specific impulse using Bray approximate 
method with results from exact kinetic method for hydr en f luorine rocket 
engine. Combustion-chamber pressure, 41.37xldl Nl3; oxidant-fuel 
ratio, 9.0. 
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Figure 6. - Comparison of calculated specific impulse using 
Bray approximate method with results from exact kinetic 
method for hydrogen-fluorine rocket engine with con- 
toured bell no  zle. Combustion-chamber static pressure, 
41.37xld Nlm I ; nozzle-area ratio, 100. 
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